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"I7's a dangerous business, Frodo, going ont your door. You step onto the road, and if you don't keep your feet,
there's no knowing where you might be swept off to."
- from The Lord of the Rings, written by J.R.R. Tolkien
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Chapter 1

INTRODUCTION



1.1 INTRODUCTION

The ability of public organisations to generate societal value increasingly depends on how they collect and
use data. Due to digitalisation, the volume of data has expanded rapidly. Over the past decades, as paper-
based forms and processes have been converted into digital databases and automated workflows,
government agencies have become large data organisations (Janssen & Kuk, 2016; Klievink et al., 2017). In
the digital age, data has become a strategic asset for public agencies secking to implement policies more
effectively, detect societal trends eatlier, and improve the efficiency of public service delivery. Inspired by
the high levels of personalisation and user-friendliness achieved by leading Big Tech companies such as
Google, Amazon, Facebook, Baidu, and Tencent, tech-savvy citizens, politicians, and policymakers now
have higher expectations for public service delivery (United Nations, 2018). Government agencies face
increasing pressure to operate more efficiently and to lessen the burden on taxpayers (Janssen & Estevez,
2013).

By leveraging the constant stream of new information-sharing technologies and integrating multiple
information sources, governments can act proactively rather than reactively. In practice, we have seen that
data sharing enables the automatic identification of patents at border control, ensuring that children can
travel safely with the correct guardians. In healthcare, information sharing allows for a more comprehensive
picture of a person’s situation and enables better, more targeted care. Information sharing also plays a crucial
role in the labour market, linking job vacancies to the CVs of individuals who are not currently in the labour
market, helping them find work more quickly and receive better support.

Although the demand for data to support public processes such as policymaking, inspection,
enforcement, and public service delivery is increasing, governments do not always have direct access to the
data they require. Much of the relevant data is held by other parties, including citizens, private organisations,
research institutions, civil society organisations, and international platforms. Moreover, information is often
scattered across various public agencies, and information sharing can be impeded by the lack of legal
grounds, purpose limitations and non-interoperable systems. This creates complexity for governmental
organisations. While they have a public responsibility to perform public processes and provide high-quality
setvices, they rely heavily on data and information flows originating outside their organisational boundaries.
This necessitates the establishment of information infrastructures between these, often external, data
sources and public organisations.

An information infrastructure is a combination of information and communication technologies that
go beyond simple technology or system combinations (Hanseth & Monteiro, 1998). An information
infrastructure describes the social and technical elements that enable information to be used for multiple
purposes. In this research context, an information infrastructure refers to the elements that enable data to
be created in one place and utilised elsewhere. It is the integration of digital systems and services that
facilitates the flow of information as a resource across multiple organisations. According to Hanseth &

Monteiro (1998), public organisations have played a large role in the development of information



infrastructures, for example, in health care. Furthermore, public organisations themselves require public
information infrastructures to acquire the data necessary for their processes.

In literature, information infrastructures are referred to as the (digital) facilities and services necessary
for performing human activities and can be compared to ‘enabling resources in network form’ (Bowker et
al., 2010, p.2). Since public sector organisations often require information beyond their internal operations
and business processes, they design public information infrastructures (PII) to obtain the necessary
information. This research focuses specifically on public information infrastructures, as the term
information infrastructures is too broad for addressing data exchange with public organisations.
Additionally, this research examines twenty-two cases in which the information is required for the primary
processes of the information receiver, as there is a significant dependence on the information in these
instances. In these cases, a larger design space for government becomes apparent, which will be discussed
in more detail together with the design dilemma in Chapter 1.2. The focus on governments as data recipients
is merely a subset of PII, as public organisations can also be data suppliers to private organisations. A PII is
a socio-technical system that is not static but constantly evolves based on the decisions of the stakeholders
involved in the public. It consists of data, technical, and governance components, together forming a PII
configuration. Chapter 3 provides more elaboration on what constitutes a PIL. In some cases, public agencies
are directed by law to ensure the availability of PIL. They are consequently responsible for its design,
implementation, and maintenance (Wet modernisering elektronisch bestuurlijk verkeer, 2023). However,
research on the authorities involved in the configurations of a PII remains limited.

While in some cases information can be exchanged directly between sender and receiver, there is a
growing trend towards the development of information infrastructures that involve multiple stakeholders
in the data-sharing process (Bharosa et al., 2015; Klievink et al., 2016). Here, we observe that the new
stakeholders involved ate intermediary otganisations that provide technical components such as systems,
software, or services. In the public sector, however, additional stakeholders such as policymakers,
standardisation bodies, and supervisory authorities may also be involved (Bharosa et al., 2015). Chapter 3
provides a more in-depth understanding of PII, and Chapter 4 presents 23 empirical cases of PIL These
cases, ranging from business reporting and tax collection to e-invoicing and customs declarations,
demonstrate how important PII have become for societal functioning. Three of these cases will be used to
explore what design choices can be made in a P11, and what constitutes PII stewardship. Two of these cases
are also used to descriptively determine the configurations found in practice. For this purpose, we added 20
cases to develop a well-established understanding of PII configurations and PII stewardship.

Although it has broad applicability and use, PII can be subject to inertia, meaning it tends to remain
unchanged. Reasons for this vary and can include the need for stability and predictability (if it is not broken,
do not fix it), low public and political interest or rewards, and a lack of investment in modernisation.
However, the context and environment are dynamic, including a constant stream of new policies, laws,
technologies, and actors in the domain. With the emergence of new laws (e.g., SDG, eIDAS, DSA, DMA),
digital technologies (e.g., APIs, digital ledgers, wallets, Al), and actors in the field, renewed focus is required

on the design and redesign of P11, as well as on the consequences of design choices for the actors and their
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quality requirements (European parliament, 2018; European parliament, 2014; European parliament 2022a;
European parliament 2022b). While extensive work has been done on information infrastructures, we know
little about the different PII configurations found in practice. Furthermore, the literature offers limited
guidance on how to steer PII and handle the numerous design choices that influence PII quality. Concepts
such as governance are too broad to capture this role, while data stewardship is often too operational and
confined to a specific organisation. Drawing on the concept of data stewardship, which refers to a set of
tasks focused on ensuring that the right data reaches the correct processes in the appropriate format and
complies with applicable laws and regulations (Dawes, 1990), this dissertation introduces the concept of PII
stewardship. PII stewardship extends the principles of data stewardship to encompass an entire
infrastructure, defining the collection of authorities for maintaining the quality of PIL. The authorities within
a PII are not always concentrated in a single place; instead, they can arise across different layers and
governance structures. This study focuses on identifying specific authorities and parts of organisations that
conttibute to maintaining and safeguarding quality within the PII. PII stewardship must accommodate the
distributed and interconnected nature of public information infrastructures. Authorities tasked with
maintaining quality can therefore be shared among multiple organisations in different ways. This research
conceptualises the role of PII stewardship, demonstrating that the tasks of PII stewards depend on the
specific PII configuration. This stewardship must be exercised throughout the PII lifecycle, encompassing
the design, implementation, expansion, and transition phases. In this research, we atrive at the following
definition: PII stewardship refers to the authorities responsible for ensuring data, technical, and governance
quality in designing, maintaining, and adapting a public information infrastructure throughout its lifecycle.
The definition includes several terms that will need additional clarification. The concept of PII
stewardship will be further elaborated in Chapter 3.2. Information about the lifecycle of a PII will be

provided in Chapter 3.1.5, while details on PII quality will be covered in Chapter 3.3.

1.2 COMPLEXITY AND CONFIGURATIONAL DYNAMICS

The design and governance of PII are often fragmented, context-dependent, and guided by implicit
assumptions or ad hoc decisions. These infrastructures are no longer isolated or monolithic systems, but
rather complex socio-technical arrangements. Organisations involved in designing and maintaining PII face
the challenging task of aligning multiple layers of complexity: the technical and organisational challenges of
designing an information infrastructure, the intricacies of engaging with private-sector actors, and the
coordination required for effective collaboration with other public organisations. However, they encounter
many issues in this alignment due to complexity and configurational dynamics.

II are inherently complex designs by their very nature. An information infrastructure is "#be basic
information technologies and organisational structures, along with the related services and facilities necessary for an enterprise or
industry to function." (Tilson et al., 2010, p. 748). Designing the technical layer of an information infrastructure
is complex in itself. Various technologies can be used to connect systems, raising questions about

standardisation, interoperability, flexibility, robustness, and the ability to support future advancements.



Information infrastructures are not merely technical systems; they are integrations of information systems,
communication technology, and other (non-)technical components (Aanestad & Jensen, 2011, p. 162). This
requires continuous alignment as information infrastructures are no longer isolated systems, but are “shared,
open, heterogeneons, and evolving socio-technical systems of Information Technology (IT) capabilities” (Hanseth & Lyytinen,
2010). They are becoming more loosely coupled, dynamic, and distributed (Ryazanova et al., 2016), requiring
coordination across institutional, technological, and sectoral boundaries. The social aspect of the PII also
involves complexity, as multiple stakeholders with different requirements, visions for future development,
and desired outcomes ate involved. These differing goals often do not align, complicating decision-making
processes within the PIL. Aligning both the social and technical components of the PII presents a significant

challenge.

1.2.1 DEVELOPMENTS ENHANCING COMPLEXITY

On top of the existing complexity of designing a PII, with all stakeholders connecting across multiple
technologies and systems, three developments further complicate the design process. These include rapid
technological evolution, increasing collaboration between public organisations, and private-sector
involvement in PII.

The first development is that information infrastructures have rapidly evolved over the past decade. As
new (technical) components become available, existing infrastructures must be adapted and reconfigured.
This ongoing redesign of information infrastructures requires new resources, both technical and social, to
integrate the new elements into the existing infrastructure (Bowker et al, 2010). Therefore, the
configurations are constantly evolving and require alignment. Authorities involved in the maintenance,
design, and redesign of a PII for information sharing must navigate this socio-technical complexity while
also upholding public values such as transparency, auditability, accountability, and privacy within the
infrastructure. Balancing these values is essential to maintaining public trust and ensuring that the
infrastructure serves the broader societal interests.

A second development that adds complexity to public information infrastructures is the increasing
collaboration among public organisations. As Tilson et al. (2010) explain, “generativity adds unforeseen properties
to information systems, such as the capability to recombine data sources and to semi-antomatically generate, assemble, and
redistribute content. The associated increase of metadata is also creating new industries, such as the search industry.” (p. 750).
This generative nature not only enables data reuse but also facilitates the integration of data exchange
processes across various information requests. Public organisations often require similar data, and by
aligning these needs, efficiency in data collection can be improved. This can substantially lessen the burden
on data providers. This principle is commonly known as ‘report once, use many’. Furthermore, multiple
services within the PII, such as authentication, data transformation, quality checks, and other data-related
functions, tend to overlap across data-sharing processes. By collaborating and consolidating these services,
organisations can reduce administrative workload and increase efficiency for both data providers and

recipients. Research by Plugge, Nikou and Janssen (2022) shows that, for example, shared service centres



benefit from standardisation and modularisation, which strengthen interoperability. This also contributes to
more successful collaboration between the public organisations using the shared service centres. However,
collaboration can also create differing requirements and intended uses of systems and standards, making
alignment challenging. This increases the complexity of data processes, as varying demands are placed on
the data and multiple actors are involved as both senders and receivers.

The third development is private-sector involvement in PII (Bharosa, 2022). Beyond the complexity
introduced by collaboration with the public sector, complexities arise from the increasing involvement of
the private sector in public data exchange. Before exploiting information through data analytics, information
must be collected, stored, and processed (Zhou et al., 2014). Here, both public and private organisations
can provide services and components for the data exchange process. The technological change from
analogue to digital has unlocked new opportunities for innovative service provision. “Digitising has the potential
1o remove the tight conplings between information types and their storage, transmission, and processing technologies—potentially
shattering the dominant service model and the stability of the industrial organisation.” (Tilson et al., 2010, p. 749). Both
public and private organisations have found ways to ease and optimise information exchange processes,
providing services for those involved in the information infrastructure.

Given the enormous commercial potential resulting from high information exchange volumes in the
public domain, there is an incentive for start-ups and enterprises to enter the ‘GovIech’ market. The rise
of GovTech will have a major impact on public services (Filer, 2019). “GovTech refers to socio-technical solutions
— that are developed and operated by private organisations — intertwined with public sector components for facilitating processes
in the public sector” (Bharosa, 2022, p.1). Innovation is often hard to come from within government
organisations, and GovTech can provide public service innovation from outside these organisations
(Bharosa, 2022). It can be created, used, and reused in multiple domains. Examples include services that
provide high assurance, such as elDs for authentication and electronic document signing, as well as
applications that assist citizens in applying for public housing and managing debt through financial planning.
For the accurate and convenient use of such apps, private tech providers (often start-ups) need access to
government services (e.g., citizen number authentication) and data sources (e.g., citizen registry, income
registry). Not only can large existing organisations now be part of large information infrastructures, but
GovTech also opens the field to small tech players, creating an alternative ecosystem (Bharosa, 2022).

Governmental organisations in PII can benefit from embracing GovTech solutions; however, there are
also risks. Bharosa (2022), for instance, highlights the risks of increased public agency dependency on
(foreign) GovTech providers in a global market that tends to rewatrd consolidation and scale. Additionally,
in some countries, such as the Netherlands, laws prohibit government agencies from competing with private
enterprises (Dutch government, 2025). If there are solution providers in the market, the government must
ensure a level playing field. In the Netherlands, government agencies, such as the Tax Office, Chamber of
Commerce, Office of Statistics, Office of Education, and the Social Housing Office already rely on
information system components (e.g., eID, data preparation software, data taxonomies, data reporting
software, API, validation services.) that are provided, managed, and updated beyond their organisational

boundaries.
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1.2.2 COMPLEXITY IN DESIGNING PII

Making choices about collaboration, involving private parties, implementing new technological
developments, and harmonising them all is 2 monumental undertaking. It is complex because numerous
variables and environmental factors must be considered when designing a PIL.

It is the responsibility of stakeholders involved in (parts of) the design of the PII to consider these
developments and consequences. Here, a role emerges for PII stewards—authorities involved in the
evolution of PII and maintaining its quality throughout its lifecycle. The tasks of a PII steward can vary
between different PII configurations. Achieving alignment and designing a PII requires a high level of
knowledge and experience. However, the PII stewards and stakeholders involved in PII design face the
design dilemma, the paradox of change, and the paradox of control.

The design dilemma of information infrastructures relates to the tension between the desire to
intentionally design and the impossibility of centrally controlling complex socio-technical systems (Hanseth
& Lyytinen, 2010). As Star (1999) argues, information infrastructures are not static artefacts but are instead
a constantly evolving network of technologies, practices, and actors. They are never entirely designed. PII
are therefore also often not stable entities but evolve through ongoing interactions between social and
technical components. The evolutionary perspective developed by Henfridsson and Bygstad (2013) offers
valuable insights into how existing infrastructures can be adapted, scaled, and recombined over time.
Answering the question of who is responsible for designing such infrastructures is complicated, because the
design process is inherently dynamic, distributed and socio-technical, involving various stakeholders with
different roles. Effective coordination in designing PlIs requires understanding the specific ‘design space’
of an infrastructure: which design variables can be decided upon, which configurations of these choices tend
to prevail, and how these configurations relate to the quality of the PII. Although centralised steering is
often unattainable, systematic insight into possible and prevailing configurations enables organisations and
PII stewards to purposefully steer the infrastructure’s evolution and safeguard quality throughout its
lifecycle.

The PII stewards and designers of the information infrastructure also have to consider the paradoxes
of change and control. For the paradox of change, on the one hand, there is a need for a stable infrastructure
to support the integration of new artefacts, processes, and actors. On the other hand, the infrastructure
must remain flexible to accommodate ongoing growth and innovation. As Tilson et al. (2010) put it, “digital
infrastructures need to be stable to allow enrolment of new artefacts, processes, and actors; on the other hand, they must possess
Slexibility to allow unbounded growth.” (p. 754). Despite the importance of this balance, there remains limited
insight into the various design choices involved in integrating these elements into a PIL.

In addition to managing change, government agencies must also navigate the paradox of control. Every
organisation participating in an information infrastructure secks a degree of autonomy or influence over it
to shape system behaviour in its favour. These ‘points of control’ become critical levers in determining how
the infrastructure functions. However, with many actors competing for influence and ongoing technological

advancements, the infrastructure becomes a dynamic, contested space. Stakeholders continually attempt to



assert or protect points of control, often resulting in shifts in power and governance (Tilson et al., 2010).
To some degree, autonomy or influence is important as public organisations depend on information to
support (automated) processes and decision-making; the quality of that information is crucial. It directly
affects the effectiveness of decisions and, consequently, the quality of public service delivery. At every stage,
planning, implementing, executing, and enforcing policies, government organisations require high-quality
data to perform their public duties. Poor data quality can lead to inefficiency and economic loss (Haug et
al., 2011) as well as incorrect decisions that negatively affect citizens’ lives (Jaeger & Bertot, 2010). Currently,
there is no clear or shared understanding in academic literature of what constitutes ‘quality’ within public
information infrastructures.

Currently, PII stewards and stakeholders involved in PII design lack a clear framework for their design

space or insight into prevailing PII configurations in practice. Recognising this can help establish the PII
and understand which configurations may lead to certain types of PII quality. This research, therefore, takes
the first steps towards understanding and clarifying what constitutes PII quality and how PII stewardship
and design choices in PII configurations can contribute to achieving it. Research is required to explore
quality in these infrastructures, which are often fluid, interconnected, and inherently complex. Both in theory
and practice, there is a lack of comprehension of these PII, making it challenging to predict the practical
effects of particular design decisions, such as the distinction between centralised and decentralised
infrastructure.
Information infrastructures are continually evolving and subject to ongoing change. Consequently, different
phases of the infrastructure may require steering and decision-making. Gaining insight into these choices
carly can help public organisations make more informed, coherent decisions and ensure that infrastructure
develops in line with public values and long-term objectives.

Furthermore, there is limited understanding of how these PII configurations can be maintained,
designed and redesigned over time, especially in multi-actor environments with conflicting interests.
Theoretical concepts such as governance and data stewardship alone are insufficient to fully grasp the
authorities involved in maintaining, adapting, and evolving PII, which requires both practical data
stewardship and high-level coordination aligned with governance. Here, we introduce a new concept of
public information infrastructure stewardship, offering a promising perspective for exploring how PII can
be designed, maintained, and adapted to enhance quality, long-term usability, and alignment with public
values. There is a lack of conceptualisation and classification of PII stewardship in the current literature. PII
stewardship refers to the authorities for ensuring data, technical, and governance quality in designing,
maintaining, and adapting a public information infrastructure throughout its life cycles. However, there
remains a gap in both the literature and practice regarding the connection between stewardship and the
design configurations of PII. This research aims to address that gap.

Figure 1-4 offers an overview of the public information infrastructure and its related concepts. This
figure shows that a PII configuration consists of data, technical, and governance design choices. The design
choices will be explained in Chapter 5, and the (sub-)configurations of PII are explained in Chapter 6. For

PII stewardship, we identified three empirically derived PII stewardship categories in this research: single-
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actor stewardship, shared stewardship, and distributed stewardship. Chapter 7.2 provides further insights
into these three empirically derived classifications.

The central premise of this research is that PII stewards are authorities for designing and managing PII
configurations and ensuring their quality throughout the various stages of the design process. Since public
information infrastructures are inherently distributed and interconnected, stewardship must reflect this
structure. As a result, the responsibilities for maintaining quality can be shared among multiple organisations
in various arrangements. Authorities within a PII are often distributed across different layers and governance
levels, rather than being concentrated in a single location. This study aims to identify the specific authorities

and organisational components responsible for steering the PII, therefore ensuring quality within the PIL.

PII configuration PII quality

Data sub-configuration
Data quality

Design Design Governance
e choice n Technical sub-

- : sub-
configuration

con! suration . .
J Technical quality

Governance quality

PII Stewardship

Single actor Shared Distributed
stewardship stewardship

Figure 1-1. Simplified overview of PII concepts used in this study.

However, as the figure shows, the classification of PII stewardship is also shaped by the configuration
of the PII. For example, if a PII configuration becomes more distributed, it is difficult for a single actor to
setve as the sole authority for maintaining the entire PII. The PII configuration can be assessed against
measures of PII quality, including data quality, technical quality, and governance quality. The quality
framework is presented in Chapter 3.3, and the assessment of the configurations is presented in Chapter
6.6. This research focuses on identifying potential design choices within a PII and PII quality framework,
exploring empirical configurations of PII design choices, understanding their relationship to PII quality, and
research steering by PII stewards. First, we need to understand how PII manifests in design choices and

configurations.

1.3 FINDING CONFIGURATIONS OF PII

As PII become increasingly central to societal functioning, understanding the underlying configuration of

PII design choices is essential for effectively maintaining, adapting, and evolving high-quality PII. As



mentioned earlier, understanding the impact and outcomes of the design choices made by PII stewards and
stakeholders can help them better grasp the consequences of these choices, their influence on the wider PII,
and the design space available to them or potentially the limitations of that space. While previous work (e.g.
Bharosa et al.,, 2015 and Klievink et al., 2016) provides some details on PII configurations, we lack a more
systematic understanding of configurations of design variables in a PII. A configuration of a PII consists of
choices made regarding the data exchanged within the PII, the technical components that facilitate the
exchange, and the governance structures that coordinate, manage, and oversee (parts of) the infrastructure.
The starting point for this research is that there must be several configurations of PII in practice, each with
distinct characteristics shaped by design choices and context. We followed the configurational approach to
examine the prevalent configurations of design variables of a PII identified in practice. The configurational
approach allows for a deeper understanding of the complex relationships commonly found in practice.
Instead of assuming that the effect of a single design choice on a PII outcome is isolated, this approach
recognises that outcomes often result from multiple interacting design and contextual factors.

The configurational approach originates from contingency theory (Meyer et al, 1993). In this approach,
research assumes that there is no single best way to organise or make decisions, as these depend on internal
and external factors (Meyer et al.,, 1993). The approach explores unidirectional and linear relationships
among attributes, in our case, the design variables. A design variable with its associated design choices
represents a possible variation across different PIls. Here, we observe that alternatives can be selected,
resulting in different configurations.

A design variable represents a dimension (i.e. data ,technical, or governance) along which options can
be selected, optimised, and implemented, as shown in Figure 1-1. A PII design variable must satisfy the
following criteria:

First of all, a design variable involves an PII dimension (i.e. data, technical or governance) and options
within that dimension. Based on the II literature, we conclude in Chapter 3.1 that a PII comprises data,
technical design, and governance structures. We observe that the design of each of these dimensions consists
of design variables, which together form a PII design.

Secondly, a design variable can be consciously chosen or configured by stakeholders. Next, a
(configuration of) design variable(s) influences the infrastructure and its properties, such as safety,
performance, and interoperability. Fourth, a design variable is measurable. They should be classifiable into
options so that the differences between the designs are clear. For example, the organisation of the technical
infrastructure could be: (1) central system, (2) semi-central, (3) decentralised, (4) distributed, or (5) hybrid.
Finally, a design variable is relatively independent of other variables, not forcing another variable to change
along with it. Combinations of design variables may occur more frequently, we label these combinations as
configurations. These relationships between variables are not necessarily linear, as they may relate differently
or not at all depending on the situation (Meyer et al., 1993). In this study, we anticipate that variables within
a PII are not always linear. This is because design decisions in one area of the infrastructure can indirectly
or gradually impact other areas, as the technical, data, and governance components interact and can either

reinforce or constrain each other's outcomes. Some variables are likely to be related, while others can be
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selected independently. Since a PII comprises many variables, we expect that some key choices will

significantly influence its configuration.

Design variable OO m—m—m—)

Figure 1-2. Relation design choice - design variable

In certain contexts, it becomes possible to identify configurations or clusters of variables. As Miller &
Friesen (1977) noted: “If began to seem possible that there were a limited number of such models which could provide
valnable insights into organisational] administrative bebaviour in different environments.” (p. 255). When adopting the
configurational perspective, the number of possible configurations is not unlimited. Although in theory, an
infinite combination of variables is possible, in practice, only a few combinations are viable and will be
present (Demers, 2007).

The patterns occur because we expect the variables in the configurations to be interdependent and to
change intermittently or discretely (Meyer et al., 1993). The full configuration represents a complete set of
design choices, as presented in Figure 1-3. Depending on the design choices, different configurations will
arise. PII can have different or similar configurations, yet we anticipate that a few prevailing configurations

will be found in practice, as presented in Figure 1-4.

Configuratie |
Design variable 1 @—O—O0—0O0——0O Design choice
Designvariabe2 O—O0—O0—O0—@ Design choice

Design variabe 3 O—@—O—0O0——0O —1 Design choice

Design varisble N O—O0—0O0—@—O Design choice

Figure 1-3. Configuration existing out of design choices.

A central focus of the analysis is identifying prevailing configurations as presented in Figure 1-4. A
prevailing configuration is a pattern of design choices that either occurs frequently across cases or deviates
from other configurations in an analytically relevant way. Such configurations often reflect underlying
interdependencies between specific design choices, combinations that work particularly well together, or

they may indicate best practices within a specific domain.
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Configurations found in practice } [ Prevailing configurations

Design variable 1 @—O—O—0—0O
Designvariable2 O—O0—0—0—@
Design variable 3 O—@—C—0—O0

Design variabeN O—O—CO—@——0
Design variable 1 O——O—@—0O—0

Design variable 2 O—O0—0—0——0
Designvariable 3 O—@—0O0—0—=O0

Design variable 1 @—O—O0O—0—0
Designvariable2 O—O—@—0—=0

Designvariable3 O—O—C—O0—@ :
Design variable N  @&—CO—0—0—~0

Design variable N  O——O—O—@—0 '
Designvariable 1 O—O0—0——0—@

Design variable 2 O——O—8—0O—0O
Design variable 3 O—O0—0—~0—~0

Design variabe N  O—@—0O—0——0

Design variable 1 O——O—@—0—O
Designvariable2 O—O0—O0—0—@
Design variable 3 O—@—O—0—0O

Design variable N  @—O—O—0—=0O

Figure 1-4. Relation between found configurations and prevailing configurations

Although the design space does not always encompass the full configuration of a PIL, it remains essential
to understand both the design variables and the prevailing configurations. This helps in understanding the
range of choices available at the PII level and identifies which configurations manifest in practice. The
configurations reveal how variables interact, facilitate the prospect of potential outcomes in terms of PII
quality, and clarify the contextual factors influencing these configurations. In practice, this will help
practitioners better understand the impact of their decisions and how these decisions affect other
components within the PII, allowing them to anticipate potential trade-offs, dependencies, and implications
for the stewardship and quality of the PII when making design decisions. This provides stakeholders in the
PII with a clearer framework within their design space, and enables PII stewards and the authorities

responsible for coordinating quality throughout the lifecycle to steer the PII

1.4 RESEARCH QUESTIONS

In the context of a P11, multiple design choices can be made, leading to a specific configuration. This study
aims to identify prevailing configurations of design choices and explore how they relate to different
classifications of PII stewardship, based on the assumption that some configurations may be better suited
for certain stewardship classifications. The main research question is two-fold: What is PII stewardship,
and how does PII stewardship relate to configurations of PII for data exchange with (semi-) public

organisations?
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In the first phase of this research, titled Definitions, we focus on understanding PII and PII stewardship. We
examine these concepts through a literature review. We also develop a framework to explore what PII quality
entails, drawing on both the literature and an interview study. In this first phase, Definitions, we answer the
following sub-research questions:
1.  What is a public information infrastructure?
2. How can public information infrastructure stewardship be defined?
The second phase, titled Design variables, involves gaining insight into the various design variables that
comprise PII configurations. We start with a literature review of potential design choices and design
variables. Through a multiple-case study of three cases, we conduct interviews and document analysis to
validate and develop a comprehensive framework of variables that represent PII design choices. Here, we
answer the following sub-research question:
3. What are the relevant design variables of a public information infrastructure?
In the third phase, titled Confignrations, this research employs a multiple-case study to conduct a cross-case
analysis, examining how 22 cases are configured and identifying prevailing configurations of design choices.
To identify PII configurations, we adopt a configurational approach. Additionally, we evaluate the strengths
and weaknesses of PII configurations by answering the following sub-research questions:
4. What are the prevailing configurations of public information infrastructures through
which organisations exchange data with (semi-)public organisations?
5. What are the strengths and weaknesses of the prevailing configurations of public
information infrastructures in terms of their quality?
In the fourth and final research phase, titled Szewardship, we synthesise the results of the previous phases.
Finally, a synthesis is conducted to bring the results together and generate insights into PII stewardship.
This synthesis examines the identified PII configurations of the 22 cases in relation to the literature-based
definition and characteristics of PII stewardship. By comparing configurations and the authorities acting as
stewards, the analysis further refines the concept of PII stewardship and enables a classification of PII
stewardship based on the empirical findings. In the final phase, we seck to answer the following sub-research
question:
6. What classification of public information infrastructure stewardship can be distilled
from the findings of this study?
Furthermore, this synthesis offers insights into the contextual factors by comparing the cases used in phases
2 and 3, helping us understand the conditions under which particular configurations arise and how these
contexts influence the form and practice of stewardship. These findings are discussed in Chapter 4.3. By

answering these six sub-questions, we answer the main research question in Chapter 8.

1.5 KNOWLEDGE GAPS AND CONTRIBUTIONS

This study started by addressing existing knowledge gaps in the literature and identifying the information

deficiencies faced by practitioners in managing the increasing complexities of PIL. Therefore, this study
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contributes to both academic and practical discussions on the design and governance of P1I. In the following

sections, we will discuss the scientific knowledge gaps and contributions, as well as the societal relevance.

1.5.1 SCIENTIFIC KNOWLEDGE GAPS AND CONTRIBUTIONS

This research identifies four research areas with knowledge gaps. First, this thesis identified a knowledge
gap in the research on public information infrastructure (PII). The literature often focuses on government
and information sharing (e.g., Gil-Garcfa & Pardo, 2005; Layne & Lee, 2001; Linders, 2012), open
government data (e.g., Dawes et al., 2016; Janssen et al., 2012; Purwanto et al., 2020), or the use of (big) data
analytics within government (e.g., Janssen et al., 2017; Kim et al., 2014; Klievink et al., 2017). However,
existing studies mainly focus on structuring information processes within a single organisation or between
two organisations (Gil-Garcia & Sayogo, 2016), often examining linear, one-directional exchanges. In
contrast, PII involves more complex, multi-party information exchanges, where all actors collectively shape
the infrastructure. This complexity highlights the need for deeper insights into the design, development, and
governance of PII. By systematically identifying design variables and analysing prevailing configurations,
this study bridges theory and practice. It offers a conceptual and empirical addition to the literature on
information infrastructures, data governance, and digital public services, enabling scholars and practitioners
to compare configurations, identify patterns, and derive insights for future design strategies.

Secondly, this research identified a gap in the literature on quality dimensions and their measures in PIL.
Although quality is frequently discussed in the information-sharing literature (e.g., Gil-Garcfa & Pardo,
2005), the specific dimensions and measures within a PII have not yet been clearly identified. Through
empirical research, we explore which quality dimensions and measures are essential for shaping a PII and
how certain design choices affect these measures. By pinpointing concrete quality dimensions and measures
and linking them to configurations, this research not only clarifies theoretical concepts but also offers
insights for future research on the design and management of PII.

Third, this is the first work to investigate PII stewardship. We state that PII stewardship refers to the
authorities for ensuring data, technical, and governance quality in designing, maintaining, and adapting a
public information infrastructure throughout its life cycles. These development stages are conceptualised
based on the research (Bolton & Foxon, 2015; Edwards et al., 2009) and include the phases of ‘emergence
and establishment’, ‘expansion and momentum’, ‘stagnation and inertia’, ‘transition and renewal’, which in
turn evolve into ‘emergence and establishment’. In each of these phases, the PII steward strives for (different
types of) PII quality.

The literature contains extensive research on data stewardship (e.g., Cheong & Chang, 2007; Dawes,
1996; Otto, 2011; Rosenbaum, 2010; Wendelborn et al, 2023). However, there remains a limited
understanding of PII stewardship. Building on research related to Data stewardship (e.g., Dawes, 2010;
Rosenbaum, 2010; Wende, 2007) and Governance (e.g., Khatri & Brown, 2010; Klievink & Janssen, 2014;
Weill & Ross, 2005; Wende, 2007), this study is the first to establish the concept of PII stewardship.

Specifically, it advances the concept of information infrastructure stewardship by connecting it to specific
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required knowledge, life cycles, and design patterns observed in real-world cases. This marks the initial step
towards understanding PII stewardship within the public sector.

Finally, there is no research yet towards identifying (sub-)configurations by using a configurational
approach within the domain of public information infrastructures. The configuration method has not yet
been utilised on this scale to identify configurations in the PII context. While hierarchical clustering is
commonly used in fields such as medicine, biochemistry, engineering, and computer science, patticularly in
machine learning, its application in the public sector remains limited. Little to no research has employed this
technique to cluster configurations of design choices in information infrastructures. This study highlights
the broader potential of clustering methods in new domains, including public administration and

information systems design.

1.5.2 SOCIETAL RELEVANCE
Governments worldwide are facing similar challenges related to data sharing, interoperability, and
development (OECD, 2025). As public agencies become more reliant on data and socio-technical
components beyond their direct or sole control, the ability of (semi-)public organisations to access, manage,
and utilise data from external sources is vital for providing societal value. However, the configurations
through which data exchange is organised are often shaped by implicit technical and institutional choices,
without a clear understanding of their long-term effects. Shaping P11 often occurs in complex contexts, and
practitioners find it challenging to make the right choices and select configurations that result in high-quality
PII Decisions are frequently made without knowing their impact or their connection to other PII design
variables. However, these choices have a substantial impact on the entire environment and are difficult to
reverse. For practitioners such as policymakers, public managers, and infrastructure designers, this study
contributes in two ways. First, this study offers a typology of design configurations and stewardship
authorities that shape PII. Thinking in terms of PII configurations is new and marks a shift from thinking
in terms of monolithic digital systems. Understanding the consequences of specific design choices enables
public organisations to make more deliberate, context-aware decisions about how data infrastructures are
constructed and maintained over time. It helps practitioners manage path dependencies, which restrict
future options. Knowing the design choices in advance will help practitioners understand how to shape PII.
Second, this research offers insight into the empirically derived classification of PII stewardship, aiding
in understanding the different roles of authorities involved in various aspects of PIL It helps practitioners
to identify the resources and knowledge needed to manage PII effectively and recognise the boundaries and
complexities of their duties. Ultimately, this research aims to promote more transparent, resilient, and value-
aligned approaches to the development of PII in an increasingly complex and global information-shating

environment.
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1.6 'THESIS OUTLINE

This thesis is organised as follows. Chapter 2 offers a detailed description of the research methodology and
the methods used. Chapter 3 presents the theoretical framework, reviewing the literature on PII and
stewardship, and integrates empirical research on PII stewardship. Chapter 4 provides an overview of the
empirical cases utilised in the research. It includes three exploratory cases aimed at gaining a deeper
understanding of stewardship and PII; these cases are explained in more detail in this chapter. To identify
the prevailing configuration, we analysed twenty-two descriptive cases and provided an overview in the
second part of Chapter 4. Chapter 5 explores the design variables through a systematic literature review and
multiple case studies. Using this list of design choices, the configuration of a PII can be defined.

In Chapter 6, we examine possible configurations identified in twenty-two cases. Here, we present data,
governance, and technical sub-configurations. We identify common patterns in design choices across these
cases, resulting in six prevailing configurations. Then, in Chapter 7, we distil the classifications of PIL
stewardship from this research and show how they relate to the configurations for data exchange with (semi-
)public organisations. Finally, Chapter 8 concludes the thesis, showing its contribution, and outlining

limitations and directions for future research.
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Chapter 2

RESEARCH APPROACH



In the previous chapter, we established the need for research into PII and PII stewardship. This chapter
expands on this by outlining the research approach used to deepen understanding in this field. It describes
the chosen research design and the methods for data collection and analysis. This research aims to answer
the main research question: What is PII stewardship, and how does PII stewardship relate to
configurations for data exchange with (semi-)public organisations? To address this main question,
six supporting research questions will be answered. Figure 2-1 provides an overview of the different research
phases and their corresponding research questions. For each phase, it illustrates the required inputs, the
research methods applied, and the outputs produced by each methodological step. In addition, the figure
indicates which documentation is available in the repository to support these methods. References to the
chapters in which these components are explained in more detail are also included.

This research is grounded in the critical realist approach (Bhaskar, 1975; Easton, 2010; Tsang et al.,
1999), which argues that reality exists independently of our perceptions. Although this reality is independent
of our petceptions, it cannot be fully accessed through research. Critical realism views reality as a layered,
complex, and partly hidden structure. The empirical level can be observed and measured, whereas the actual
and real levels are more concealed (Bhaskar, 1975). Because this reality is complex, partly open to
interpretation, layered, and enacted through visible events that are expressions of underlying mechanisms
and contextual conditions. Therefore, this study employs multiple methods to explore this reality. To
understand it thoroughly, examining it across various cases is essential. This study examines 23 cases to gain
a comprehensive understanding of PII in practice. Gaining a true understanding of the case requires a mixed
methods design. The aim of this research, aligned with the critical realist approach, is not merely to describe
observable patterns but also to identify the contextual factors that influence them. This study discusses these
contextual factors in Chapter 4 and provides deeper insights into the configurations of design choices in
Chapters 5 and 6.

As a result, this research employs the configurational approach to explain how specific combinations of
design choices relate to PII stewardship roles and PII quality. Although the research aims to gain insights
into the mechanisms, the explanations remain contextual. Our access to this reality is determined by the
context.

Before explaining the four research phases, we will outline the research design and methods.
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2.1 MIXED-METHOD RESEARCH APPROACH

A mixed-methods research approach ensures that data collection is both detailed and thorough (Burke et
al., 2004). A mixed-methods research approach allowed us to employ both quantitative and qualitative
techniques. The aim of this approach is to gain a deeper, more comprehensive understanding of the research
problem. The issue of configuring PII and the stewardship roles involved in this context is complex and
multilayered, making a mixed-methods approach suitable, e.g., “Mixed methods research offers powerful tools for
investigating complex processes and systems” (Fetters et al., 2013, p. 2134).

Using a mixed-methods research design aligns with the critical realism approach. As the approach states,
the reality is complex and multi-layered, requiring multiple methods to understand this layered reality. The
complex nature of reality necessitates diverse perspectives from both qualitative and quantitative research.
Literature, existing case documentation, interviews, and surveys with respondents wete used to gain insights
into reality from multiple angles. “Many research questions and combinations of questions are best and most fully answered
through mixed research solutions.” (Burke & Onwuegbuzie, 2004, p.18). Employing mixed methods, including
both qualitative and quantitative approaches, facilitates triangulation, seeking confirmation of results across
different data sources. Mixed methods aim to enhance generalisability and produce mote substantial
evidence to support research conclusions (Burke & Onwuegbuzie, 2004). They improve findings from one
method with results from the other and help to offset the limitations inherent in individual methods
(Brymann, 2000). “A researcher can use the strengths of an additional method to overcome the weaknesses in another method
by using both in a research stndy.” (Burke et al., 2004, p.21).

Although there are some doubts about the ‘whatever works” position that it is based on (e.g., Pawson
& Tilley, 1997), combining both qualitative and quantitative research has become increasingly popular in
recent years (Bryman, 2006). One disadvantage of using a mixed-method design is that it takes more time,
as multiple methods must be learned and implemented, compared to a study with just one method (Burke
& Onwuegbuzie, 2004). However, this does not outweigh the advantages of a mixed-method.

In the first two phases, as shown in Figure 2-1, we conducted a literature review and a systematic
literatute teview (SLR) to build on ptevious research. In the literature review, we examined the field's
literature to understand the concepts and identify key knowledge. Through the SLR, we establish the
theoretical framework of design variables. In addition to the literature research, we utilise multiple case
studies involving interviews, surveys, and document analysis. In the following subsections, we elaborate on

the multiple case studies employed as part of the mixed-method approach in this research.

2.1.1 MULTIPLE CASE STUDIES

This chapter elaborates on the concept of a multiple case study and explains why this approach is suitable
for the present research, as it will be applied in the subsequent chapters. Case studies are often used to
investigate complex phenomena within their specific context, drawing on various sources to collect data
(Yin, 2017). While the case study design follows Yin (2018), the analysis is guided by a critical realist

perspective focusing on identifying underlying mechanisms. Case research is well-suited for critical realism.
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It allows cases to be examined from multiple perspectives, fostering a broader understanding of the
phenomenon. Case studies are especially useful for answering ‘how’ and ‘why’ questions. They mainly focus
on researching the phenomenon in depth and can offer explanations of why or how it occurs. Another
reason for selecting case studies is when it is not possible to manipulate the behaviour of those involved in
the research. Unlike experiments, where researchers control events, case studies lack such control. This is
why they often include an examination of contextual conditions in the study (Yin, 2017).

The cases for our research are selected on their similarity in being a PII, ensuring data sharing with
governmental organisations, within the Dutch context. This research will analyse the individual design
choices of PII and the quality of these PII, and compare cases to identify any patterns. Since multiple data
sources are employed to shed light on a case, multiple case studies are often regarded as robust and reliable
(Baxter & Jack, 2008).

Robust and reliable research is characterised by its consistency and reproducibility, meaning that
applying the research repeatedly to the same object produces the same results each time (Babbie, 2020). By
examining multiple cases, one draws on evidence from diverse contexts. This increases the likelihood that
findings are not unique to a single instance. Systematically comparing and triangulating across cases allows
us to confirm the observed patterns and configurations, thereby strengthening the validity of our
conclusions. This approach ensures methodological rigour and enhances the generalisability and credibility
of the research outcomes. In Chapter 2.2, we outline the techniques used to improve the research's validity

and reliability.

2.1.2 DOCUMENT ANALYSIS

This chapter explains the concept of document analysis, which is used as a method in the later sections
starting from Section 2.3. As presented in Figure 2-1, we utilised document analysis to answer RQ 2, 3, and
4. For document analysis, research is conducted using existing documentation. Primaty documentation is
defined as data that is not produced specifically for the research study (Sandra van Thiel, 2013). As noted
by Riffe, Lacy & Fico (2019), documents are artefacts created by humans to record, communicate, and
preserve different forms of knowledge, behaviours, and processes. The documents used in this study include
a wide range of materials such as repotts, agreements, and policies. It is cleat that they also setve a
communicative function, aimed at conveying messages. It is acknowledged that the text was not initially
created as a research document; therefore, it may not fully align with established requirements. As a result,
document analysis is often employed alongside other research methods to provide additional content and
context. This research employs content analysis to examine the documents, which are analysed based on
the different research topics relevant to each sub-research question. Document analysis is utilised in research

phase two: Design variables, and phase three: Configurations.
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2.1.3 SURVEY

This chapter explains the concept of surveys, which is used as a method in later sections starting from
Section 2.5. We use surveys to support answering RQ 4 and 5. Using a survey provides a structured method
for data collection, with predefined questions for respondents to answer. Surveys can gather both qualitative
and quantitative data and enable researchers to systematically collect comparable data across samples
(Babbie, 2010). A survey often aims to create codable responses (Presser et al., 2004). In our survey, we
primarily use standardised response options to identify the design choices in each respondent's PII
configuration. Previous research allowed us to identify relevant design choices, and the current survey aims
to determine the specific configuration of these choices for each case. This approach allows for a systematic
comparison of configurations across different PII cases. We included open-ended questions for elaboration
on answers and provided space for respondents to reflect. To enhance the quality of the survey, we used
pre-validated frameworks as input for the questions, pre-tested the survey, validated the results against
existing documentation on the case, and conducted semi-structured interviews to focus on the responses

provided in the survey.

2.1.4 SEMI-STRUCTURED INTERVIEWS

This chapter explains the concept of a semi-structured interview, which is used as a method in later sections
starting from Section 2.3. As presented in Figure 2-1, this research utilises semi-structured interviews to
answer RQs 2, 3, and 4. Interviews are a widely used method for qualitative research, especially within case
studies (van Thiel, 2013). During an interview, the interviewer interacts directly with the respondent.
Because of the presence of an interviewer, responses such as I do not know’ or ‘no answer’ are often
minimised, and the interviewer can ask follow-up questions to explore further (Babbie, 2010).

In this research, we use a semi-structured interview method. This method combines the structure of a
predefined questionnaire with the flexibility to explore other topics in depth based on the participant’s
response. Semi-structured interviews are well-suited for exploratory studies because they allow for dialogue
with respondents (Whiting, 2008). This method enables respondents to reflect on their own experiences,
allowing new insights to emerge (Dearnley, 2005; Krauss et al., 2009). The semi-structured interviews are
used to collect both subjective insights and as a triangulation for the surveys and document analysis. To
strengthen internal validity and verify data accuracy, we also applied respondent validation, inviting interview
respondents to review the interview draft and the case study report draft, and to confirm the accuracy of
the identified data sources. The semi-structured interviews are conducted in research phase one: Definitions,

research phase two: Design variables, and phase three: Confignrations.

2.2 VALIDITY AND RELIABILITY

In research, ensuring the validity of findings is essential for establishing the credibility and applicability of
the results. There are four tests for evaluating research quality: internal validity, construct validity, external

validity, and reliability (Yin, 2017). Each plays a distinct role in enhancing the rigour of a study.
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Internal validity determines if research can legitimately establish causal relationships, which is
particularly relevant in explanatory research (Rowley, 2002). Triangulation of data, methods, and
investigators helps reduce bias and strengthen the credibility of causal or explanatory findings. Additionally,
pattern matching improves internal validity by directly comparing empirical results with theoretical
expectations. Moreover, cross-case synthesis enhances internal validity when consistent patterns are
observed across multiple cases.

In contrast, construct validity focuses on the extent to which a construct accurately reflects the intended
concept. Achieving construct validity involves clearly defining the concept, aligning it with the study’s
objectives, and choosing suitable operational measures (Yin,2017). Data triangulation improves construct
validity by examining the same concept from multiple data sources. Additionally, methodological and
investigator triangulation help ensure accurate capture of constructs by using different methods and
perspectives. The pattern-matching technique verifies that constructs are consistent with their theoretical
definitions and are interpreted uniformly.

The third type of validity is external validity, which relates to how well the study’s findings can be
generalised to other contexts. For studies involving multiple cases, applying replication logic, a process of
testing whether similar results occur across different cases, enhances this type of validity (Rowley, 2002).
Data triangulation enhances external validity by demonstrating that findings remain consistent across
various contexts or sources. Additionally, cross-case synthesis emphasises which patterns can be generalised
beyond individual cases.

Lastly, reliability refers to the consistency and reproducibility of results when applying the same methods
under similar conditions. Reliability is enhanced when data, methodological, and investigator triangulation
produce stable and consistent outcomes across sources, methods, and researchers. Pattern matching
supports this by using a systematic and reproducible analysis process. Transparent documentation and cross-
case synthesis further strengthen reliability by providing clear, reproducible procedures and an audit trail.

In the following subsections, we provide more details on the different techniques used to enhance the

validity and reliability.

2.2.1 DATA TRIANGULATION

Data triangulation involves using multiple sources of evidence within a research study. This approach is
especially recommended in case study research to strengthen the overall quality. In particular, data
triangulation is often employed to improve construct validity (Yin, 2017). In this research, multiple data
soutces, including interviews, documents, and surveys, are used to address the research objectives
thoroughly. Each of these sources contributed to the findings. Moreover, data triangulation enhances
internal validity by ensuring that results are not reliant on a single source and are validated across multiple
perspectives. For example, we examined PII from different angles, including quality, design perspectives,

and stewardship roles. This offers a multifaceted and deeper understanding of a PIL.
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2.2.2 METHODOLOGICAL TRIANGULATION

Methodological triangulation involves using multiple methods, often both quantitative and qualitative, to
address the same research question (Morse, 1991). Employing multiple methods can be done either
simultaneously or sequentially. In the first approach, there is minimal interaction between the data sets, but
the findings complement each other, whereas in the latter, the results of one method are crucial for planning
the other (Morse, 1991). In this research, we utilise both.

In this study on PII and stewardship, methodological triangulation was employed through the combined
use of literature reviews, interviews, document analysis, and surveys. Each method provided distinct insights.
Interviews offered in-depth perspectives from stakeholders, document analysis captured formal and
historical records, and surveys supplied broader quantifiable data. By integrating these methods, the research
not only validated findings across different data collection strategies but also uncovered complementary
dimensions of PII and stewardship.

This multi-method approach directly supported construct validity by aligning the operationalisation of
concepts with multiple independent lines of evidence. It also strengthened internal validity by enabling
cross-vetification of findings, thereby ensuring that observed patterns were consistent across methods.
Furthermore, methodological triangulation contributed to reliability by demonstrating that different data
collection and analysis techniques produced converging results, which supports the reproducibility of the

study.

2.2.3 INVESTIGATOR TRIANGULATION

In this study, we employ investigator triangulation to improve both validity and reliability. Bias may occur
if interviews are not conducted impartially due to interactions between respondents and interviewers. It can
also occur during the coding process, when researchers’ interpretations may affect how the data are coded
(Yin, 2017).

In the first three phases of the research, other researchers were invited to participate in researcher
triangulation during the coding stages to ensure the reliability and validity of the study. The primary
researcher first coded the interviews and documents. Afterwards, selected sections of the interviews and
documents, along with the codebook, were shared with a second and third researcher. These researchers
independently coded the assigned material using the codebook or proposed new codes if the existing ones
were insufficient. In the third phase of the study, qualitative coding of the interviews and documents was
carried out collaboratively by multiple researchers to increase the trustworthiness and reliability of this
analytical stage. When discrepancies in coding arose between the first researcher and the second coder, they
discussed them. Discrepancies mainly involved whether a code was a contextual factor or a deliberate choice.
For the items discussed, consensus was reached and validated by an external researcher. Furthermore, the
external researcher was peer debriefed throughout the process to further ensure rigour. The involvement of
multiple researchers enhances reliability by improving consistency and objectivity through the recognition

of similar results and by reducing dependence on a single researcher (Yin, 2017).
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2.2.4 PATTERN MATCHING

To improve the rigour of this investigation, a pattern-matching methodology was employed. According to
Yin (2017), pattern matching is a highly useful technique when conducting a case study analysis, as it
compares empirically observed patterns with those predicted theoretically. Pattern matching was carried out
during the second phase of the research, aligning literature-based design choices with empirical data.
Additionally, the quality measures, grounded in existing literature, were validated by respondents within the
cases.

This confirmed relevant design choices such as collaboration, the public-private distinction, and the
centralisation debate. These have already been identified in the literature, highlighting the need for a more
comprehensive understanding. The discrepancies uncovered allowed us to explore contextual nuances and
alternative interpretations, deepening our insight into PII. By examining multiple cases, we identified
recurring structures, moving beyond mere description to generate more profound insights into the
underlying dynamics of PII. When interpreting findings on the configurations of P11, it is crucial to consider
rival explanations. During the exploration of prevailing configurations, we examined all design choices to
determine whether they contributed to the prevailing configuration. In the course of the research, we
observed that some design choices, such as the push or pull type of infrastructure, which were deemed less
relevant by respondents in research phase 2, became important in research phase 3. We did not identify
additional design choices during the third phase of the research. For each sub-configuration, we clarify
which variables correspond to the final configurations. The incorporation of multiple data sources and
methodological approaches enabled us to cross-validate findings, thereby strengthening the foundation of
this research. By explicitly engaging with these alternative explanations, we enhance the internal validity of

our study and provide a more nuanced understanding of the complex dynamics underpinning PII.

2.2.5 CROSS-CASE SYNTHESIS

Aside from matching empirical patterns to theoretically predicted ones, we conducted a cross-case synthesis
to identify within-case patterns and relationships across the cases (Yin, 2017). A cross-case synthesis can
therefore only be performed in a multiple-case study research. In the cross-case synthesis, discussing
differences and similarities between the cases is important. These differences should be reconsidered if they
do not weaken the findings across the cases.

This study on PII used cross-case synthesis to explore recurring design choices and quality measures
across multiple cases. Each case was initially analysed separately to understand its context and features.
Then, the findings were compared to identify common patterns among the configurations. These
differences and similarities were discussed with multiple researchers to reduce investor bias in the research.
This process improved internal validity by showing that specific configurations and dynamics are not
isolated events but occur regularly across various contexts. It also enhanced external validity by supporting

analytical generalisation, illustrating how the findings might be applied to other contexts.
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2.2.6 'TRANSPARENT DOCUMENTATION

Reliability involves the reproduction of a study, leading to the same results. This can be achieved through
thorough documentation of the research phases (Rowley, 2002). This thesis will be published in the TU
Delft repository. Additionally, the interview questions, Python codes for hierarchical clustering, and the

surveys used are available in the TU Delft repository on the DOI: 10.4121/50df56a6-4d14-459d-a5fb-

cb96f1bf0d45. In the following sections, we will explore the different research phases and how each method

is used in each phase.

2.3 RESEARCH PHASE 1: DEFINITIONS

In the first phase of the research, the results of which are presented in Chapter 3, we aim to answer the first
two sub-research questions. As shown in Figure 2-1 at the beginning of this chapter, we start with a literature

review and conclude with empirical research towards quality in PII.

What is a public information infrastructure?
Literature Review

Outcome: Overview of PII capturing the key characteristics, components and applications
of PII

How can public information infrastructure stewardship be defined?

Literature review, building a literature framework on PII quality validated through empirical
case study intetviews and document analysis

Outcome: Definition for PII stewardship and a quality framework for PII.

2.3.1 LITERATURE REVIEW
In this section of the research, we conduct a conceptual analysis, identifying and examining relevant
theoretical sources to develop a conceptualisation of PII and PII stewardship.

The first sub-research question aims to define and conceptualise PII. The goal is to conceptualise PII,
capturing its key characteristics and differences from an information infrastructure, the complexity involved
in designing P11, and its entire design life cycle. To address this, we conduct a literature review of the concept
and related terminology.

We began with a broad explanation of the concept of information infrastructures, based on existing
theory. We recognise that a variety of terms are used to refer to PII within the scientific community.
However, the aim of this study is not to establish a standardised terminology, but rather to clearly define
the specific object of inquiry. Consequently, we adopt the term "information infrastructures’ and specify the
particular meaning given to public information infrastructures in this context. Here we identify that a PII
exist out of three components: data, technical elements, and governance structures, as shown in

Figure 2-2. Data can be in one or more formats exchanged between actors in the PIL. The technical
component of a PII includes systems interconnected to exchange data, standards such as exchange or

security protocols, and services provided for data exchange, such as validation or transformation. Finally,

28



governance can be represented by a single governance structure or by several governance structures. Further

details on this topic are provided in Chapter 5.3.2.

Formats

Systems ]

Technical Standards |

Services ]

Governance structures

Figure 2-2. The components of a PII

We draw on existing academic literature in fields such as information infrastructure, digital government,
and public administration, among others. In developing this conceptual framework, we used a snowballing
approach, which enabled us to identify relevant literature through references cited in the initial set of sources.
This process highlighted several influential authors whose work has significantly shaped the field. Their
contributions have been incorporated into our analysis, thereby enriching and refining our understanding
of PII This approach provides a flexible, comprehensive theoretical understanding of PII and its design.

We applied the same process to the concept of PII stewardship. However, there is limited research on
stewatrdship at the PII level. Based on the characteristics needed for maintaining, designing and reshaping a
PII, concepts such as governance and data stewardship were considered relevant but insufficient to fully
define this emerging form of steering. Governance is commonly used as a broad conceptual framework, but
it does not explicitly address safeguarding the quality of PII. Conversely, data stewardship offers a more
operational perspective on ensuring quality dimensions, but it lacks the high-level, overarching view required
to cover the entire scope of PII. Based on our review of the existing literature, we develop a tentative
definition of PII stewardship.

While there is some literature on quality in Information Systems, we lack an understanding of quality in
a PIL. Based on the previously identified PII components, data, technical and governance components, a
PII steward should aim for high quality in each of these components. Therefore, we suggest that PII quality
consists of three dimensions: data quality, technical quality, and governance quality. Each of these quality

29

Il\)



dimensions has a specific set of measures. Figure 2-3 presents the relation between PII quality, the three

dimensions and their measures.

PII - quality

[ Measure 1 ] [ Measure 1 ] [ Measure 1 ]
[ I I )
[ Measure n ] [ Measure n ] [ Measure n ]

Figure 2-3. Relation between PII quality, dimensions and measures

To establish the measures of data quality and technical quality in a PII, we drew on the lists of data
quality and system quality measures compiled by Delone and McLean (1992). There is no overview yet
available of the measures of governance quality. Therefore, we conducted a literature review to identify these
measures from various authors. This resulted in a framework of three categories (data-, technical-, and
governance-quality), with each category including multiple measures.

We have developed a new framework that integrates quality measures identified in existing literature.
While this approach provides a structured foundation, it also represents an emerging and relatively new
field. Therefore, it is crucial to validate this framework and ensure the list of variables is both comprehensive
and relevant. We therefore employ an empirical validation of the quality framework as presented in the

following sub-section.

2.3.2 EMPIRICAL VALIDATION OF QUALITY FRAMEWORK

Since it is not immediately clear which measures should be incorporated into the PII framework, we employ
three PII cases to verify the literature-based measures and identify potential new quality measures. Based on
the criteria in Table 1, we identified three matching cases. These three cases include (1) Customs declarations
through Single Window, (2) Tax reporting through Standard Business Reporting, and (3) elnvoicing

messages through Peppol-network and Digipoort. The cases are presented in Chapter 4.1.
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Table 1. Case selection

# Criteria Definition

1 X2G Data exchange with a governmental organisation

2 Data-driven government The data demanded by government agencies is essential to carrying out their primary
functions and fulfilling their public duties.

3 Multiple actor groups At least three groups of actors are involved: government agencies, data providers
(businesses), and intermediaries.

4 Volume More than a million messages are exchanged each year.

5 Openness Any organisation, public or private, can join the PII under a minimal set of entry
conditions (i.e., adopt one or more standards).

6 Variety There are a variety of channels (e.g., system-to-system or portal-based) and
components that can be used for data exchange.

The cases are studied by analysing documents and conducting expert interviews. First, we will search
for publicly available documentation for each case. For Standard Business Reporting and elnvoicing, many
documents are available online, whereas most documentation for the Single Window is provided by the
interview respondents. The documents used include descriptions of governance, data exchange, standards,
and the systems used. Each document was analysed for quality measures.

Secondly, we conducted interviews with nine respondents from the three cases. The quality framework
developed in step 2.3.1 is utilised to create a semi-structured interview protocol. We carried out a total of
nine semi-structured interviews (three for each case) to discuss quality measures of a PII.

The nine interview respondents were chosen based on three criteria. First, they must have over five
years of experience in the PII, ensuring they possess in-depth knowledge of the subject. The second criterion
was that respondents held a tactical role (e.g., programme managers, project managers), ensuring they had
expertise in PII governance and technology levels. The third and final criterion was that all respondents
represented the government in the PIL This allowed us to capture the government’s perspective on PII
stewardship. Based on these criteria, we contacted nine respondents. All nine were willing to participate in

an interview. An overview of the respondents is presented in Table 2.

Table 2. Respondents for identifying PII quality measures

# Role Area of expertise Case
1.1 Public intermediate organisation, Technical & Governance elnvoicing
standardisation office
1.2 Public intermediate organisation, Technical & Governance clnvoicing
supervision
1.3 Public intermediate organisation Technical elnvoicing
1.4 Public intermediate organisation Governance SBR — Tax Administration
1.5 Public intermediate organisation Governance and standards SBR — Tax Administration
1.6 Public intermediate organisation Technical SBR — Tax Administration
1.7 Policy maker Governance and holistic Customs declaration through Single
perspective Window
1.8 Receiving organisation Governance Customs declaration through Single
Window
1.9 Public intermediate organisation Technical Customs declaration through Single
Window
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During the interviews, the literature framework and the findings from the document research were
validated. The interview format can be retrieved online from the TU Delft repository under the DOI:

10.4121/50df56a6-4d14-459d-a5fb-cb96f1bf0d45.

We asked respondents to reflect on their own experiences during interviews lasting between sixty (60)
and ninety (90) minutes. The interviews were audiotaped, transcribed, and sent back to the respondents for
validation. Four out of the nine respondents provided further details in response to the validation email.
The interview transcripts were analysed using Atlas Ti. Our coding framework was initially informed by
three predefined themes derived from earlier research: data quality, governance quality, and technical quality
of a PII. Within these themes, several quality measures from the literature had already been identified and
incorporated into a preliminary codebook. For example, in data quality, there are measures such as
consistency, accuracy and timeliness. This codebook provided structure and consistency during the initial
coding phase. However, to ensure we captured the quality measures of a PII, we also actively looked for
new and alternative quality measures that were not previously documented. The final codebook can be

retrieved online from the TU Delft repository under the DOI: 10.4121/50df56a6-4d14-459d-a5fb-

cb96f1bf0d45. Parts of this research have previously been published in a paper by van Donge et al. (2022).

The results of this part of the research are presented in Chapter 3.3.

2.4 RESEARCH PHASE 2: DESIGN VARIABLES

The second phase, of which the results ate presented in Chapter 5, gains insight into the different design

variables in PII.

What are the relevant design vatiables of public information inftastructures?
Systematic Literature research and empirical research through three cases,
including document analysis and interviews

Outcome: Framework for (relevant) design choices in PII

As shown in Figure 2-1 at the beginning of this chapter, to answer this sub-research question, we
conducted both a systematic literature review (SLR) towatds design choices and an empirical case study. We
began with the SLR to identify potential design choices. Based on this list, we conducted interviews to

validate and develop a comprehensive framework of PII design choices and variables.

2.4.1 SYSTEMATIC LITERATURE REVIEW TOWARDS DESIGN CHOICES

The aim of the systematic literature review is to identify relevant design variables discussed in the literature.
We examined previous research to compile a general list of design variables that aid in understanding how
to design a PII. During the earlier literature search, it became clear that no literature has been written on P11
design variables as a concept. Therefore, it is necessary to broaden the scope towards information sharing

with governmental organisations and analyse the literature on potential design choices or design variables.
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We use the Systematic Literature Review (SLR) method, a more structured approach for identifying,
evaluating, and synthesising existing research on a clearly defined topic (Page et al., 2021). This method
allows other researchers to replicate the review. We follow the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines to ensure that the review is replicable and meets scientific
standards. As with any research, it is essential for an SLR to have high validity, reliability, and repeatability
(Xiao & Watson, 2019). The PRISMA framework supports these criteria by providing detailed protocols.
For instance, it emphasises the importance of defining a clear search strategy in advance, specifying the
information sources to be used, and outlining inclusion and exclusion criteria for selecting studies (Page et

al.,, 2021). The PRISMA methodology is illustrated in Figure 2-4.

Search using keywords:

("public-private” OR "govers siness" OR "Business-government” OR
"Business to government” OR "government to business” OR "B2G" OR "G2B")
AND ( "information” OR "data")

AND ("exchange” OR "sharing")

AND ("infrastructure” OR "Platform” OR "System" OR "architecture”).

%

Scopus
(n=562)

R.csulrs screened Record exlcuded
(title and abstract) =455
(0=106) L)

Awailability full text through }
TUDelft Licence Record i\GICUdEd J
(n=100) | 0=6)
| S —

Articles not included due to
lack of focus on datasharing,
»| only focus on data use, or not

providing design choices

v (n=73)

Articles included in research

(0=27)

Figure 2-4. PRISNM.A systematic literature review

We systematically searched the electronic database ‘Scopus’, as this is a highly valued database for the Dutch
scientific system.

We did not use the search terms ‘design choice’ or ‘design variable” as this was too specific and only
resulted in six papers. All of these six papers are also included in the search string without using the terms

‘design variable’ or ‘design choice’. Instead, we searched for ‘infrastructure’, ‘platforms’, ‘system’, or

33

Il\)



‘architectures’, which helped us find research on PII where we could define the design variables or choices
ourselves. To maximise the number of eligible studies, we used the search string: ("public-private” OR
"government-business" OR "Business-government” OR "Business to government" OR "government to
business" OR "B2G" OR "G2B") AND ("information" OR "data") AND ("exchange" OR "sharing") AND
("infrastructure” OR "Platform" OR "System" OR "architecture").

The following criteria are used in the literature search:
Field: Articles should study information sharing with the public sector, as the objective of this study is to
promote high-quality information exchange with governmental organisations.
Topic: Studies included needed to provide details on information infrastructures. Research focusing on the
use of information is not included in this review. Design variables or choices needed to be mentioned in the
paper. Papers on barriers to information infrastructures, for example, did not offer insights into the choices
practitioners have when designing a PII. Papers with actual design variables mentioned (by explaining the
case), and papers discussing a design variable, are included in this review.
Language: This review includes only articles written in English.
Publication types: Only peer-reviewed books, articles, conference papers, and chapters from books are
included in this review.
Year of publication: The literature search covered the petiod from 2000 to November 2023.

The study selection process is illustrated in the PRISMA flow chart in Figure 2-4. The initial
literature search in Scopus resulted in 562 records. The criteria for including a study are the focus on data
sharing and providing insights into possible design choices in a PII for the data, technical and governance
components. As stated in Chapter 1.3, a PII design variable should meet the following criteria:

Scope: The variable relates to the design of the PII, including its data, technical, or governance components.
Configurability: The variable can be deliberately chosen or configured by relevant stakeholders.

Impact: The variable influences the infrastructure's characteristics or performance (e.g.,, safety,
interoperability, or efficiency).

Measurability: The variable can be measured or assessed systematically.

Discrete options: The variable can be expressed through clearly distinguishable design options or
configurations.

Relative independence: The variable is to a large extent independent of other design variables.

In the first stage, the articles were assessed through a quick scan of titles and abstracts. This process
resulted in 106 relevant articles remaining. In the second step, we downloaded all the articles to read their
full texts. Of these, six sources were not available as full texts; these articles are presented in the second
table in Appendix A. They were excluded before the full eligibility assessment. The available full texts were
evaluated based on topic and field criteria. Articles that focused on information sharing, mentioned design
variables or choices, or involved the public sector were excluded from the research. This resulted in twenty-
seven articles being considered relevant to this study. The first table in Appendix A presents the literature

used in the review.
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2.4.2 EMPIRICAL RESEARCH TO VALIDATE AND COMPLEMENT THE DESIGN FRAMEWORK
The main objective in this phase is to answer the sub-reseatch question: What are the relevant design
variables of a public information infrastructure? To answer this question, we started by building a
framework for the design variables of PII. Through an empirical case study of the three cases presented in
Chapter 4.1, we identify additional variables and validate those identified in the literature for designing a
PII. The results are presented in Chapter 5.

In this second empirical study, we used the same three cases, Customs declaration through Single
Window, Tax declaration through SBR and elnvoicing to the central government, as in phase one, to
maintain continuity and build upon existing insights. This means we used the same selection criteria as
outlined in phase 1. Reusing previous cases allows us to gain a deeper understanding of the cases and the
design choices made by the actors in the PII. Additionally, it provided insights into how these choices relate
to the available options and different dimensions of quality. Although this study does not track
developments over time, engaging with familiar cases increased the focus and enabled more in-depth
exploration. Relying on similar cases might limit the generalisability of the findings. To addtess this, we will
analyse over twenty cases in the third phase to explore this further.

We started by analysing the available documentation. Through content analysis, we examined the
documents for potential design variables and contextual factors. Next, using semi-structured interviews, we
validated, expanded, and refined the literature and documentation related to design choices. To achieve the
appropriate level of abstraction for each variable, this research employed semi-structured interviews. The
interview protocol can be retrieved online from the TU Delft repository under the DOI: 10.4121/50d£56a6-
4d14-459d-a5fb-cb96f1bf0d45.

Because we use the same cases, we also interviewed some of the same respondents, as they were
deemed experts in this case. During the first phase, these respondents primarily focused on quality aspects
in PII. However, it became apparent during the interviews that they also had in-depth knowledge of PII
design choices. To obtain a more complete and balanced picture of the PII, additional respondents were
selected. Additional criteria for respondents are that they must have over five years of experience in their
PII case, ensuring sufficient expertise. Secondly, respondents need to hold a role at the tactical level, such
as a programme or project manager. The third and final critetion is that all respondents represent the
government within the PII. A conscious effort was made to ensure diversity in roles and areas of expertise.
Through snowball sampling, we added eight new respondents, resulting in seventeen interviews with a total

of eighteen respondents. Table 3 presents the respondents interviewed in the second research phase.
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Table 3. Overview of respondents interviewed in research phase 2

Reference  Rol Abrea of expertise Case

number

2.1 Public intermediate organisation Technical expert & Governance expert elnvoice

2.2 Policy maker Governance expert elnvoice

23 Supporting organisation User support expert elnvoice

24 Supervising authority & public intermediate ~ Technical expert & Governance expert elnvoice
organisation

2.5 Public intermediate organisation Technical expert & Governance expert elnvoice

2.6 Public intermediate organisation Technical expert elnvoice

2.7 Public intermediate organisation Technical expert SBR

2.8 Public intermediate organisation Governance expert SBR

2.9 Public intermediate organisation Governance expert SBR

2.10 Public intermediate organisation Governance expert SBR

2.11 Public intermediate organisation Technical expert SBR

2.12 Receiving organisation/policy maker Governance expert SBR

2.13 Public intermediate organisation Technical expert Customs declaration

2.14 Public intermediate organisation Governance expert Customs declaration

2.15 Policy maker Governance expert Customs declaration

2.16 Public intermediate organisation Technical expert Customs declaration

2.17 Public intermediate organisation Technical expert Customs declaration

The interviews were audiotaped, transcribed, and sent to the respondent for validation. Three out
of the seventeen respondents provided additional details in response to the validation email. The interview
transcripts were analysed using Atlas Ti. We conducted a thematic coding process based on a hybrid
approach that combined both deductive and inductive strategies. Our coding framework was initially
informed by three predefined themes derived from earlier research: data, governance, and technical
implementation of a PII. Within these themes, several design choice variables from the literature had already
been identified and incorporated into a preliminary codebook. This codebook provided structure and
consistency during the initial coding phase. However, to ensure we captured the design options in a PII, we
also actively looked for new design variables and alternative design options that were not previously
documented. Additionally, we inductively identified an initial set of contextual variables, which will be
validated in the third research phase. This inductive element enabled us to extend the existing framework
and reflect new insights emerging from the empirical data. The final codebook can be retrieved online from

the TU Delft repository under the DOI: 10.4121/50df56a6-4d14-459d-a5fb-cb96f1bf0d45. Parts of this

research have previously been published in a paper by van Donge et al. (2024). The outcome of this research

is presented in Chapter 5.

2.5 RESEARCH PHASE 3: CONFIGURATIONS

A configuration of a PII consists of choices made regarding the data exchanged within the PII, the technical
components facilitating the exchange and additional services, and the governance structures involved in

coordinating, managing, and overseeing (parts of) the infrastructure. In the third phase, of which the results
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are presented in Chapter 0, this research uses a multiple-case study design for cross-case analysis to explore
how different cases are configured in terms of data, technical and governance design choices. We expect
cases to have made different design choices, leading to varied configurations. However, we anticipate that
some choices will be more common in certain instances, forming prevailing configurations. This phase
delves deeper into the configuration of design choices and assesses their strengths and weaknesses in terms

of quality. It aims to answer the following sub-research questions.

What are the prevailing configurations through which organisations exchange data with
semi-public organisations?

Multiple case study (22 cases), Survey, Document analysis, interviews. Clustering Analysis
Outcome: Prevailing configurations of PII

What are the strengths and weaknesses of the prevailing configurations of public
information inftastructures in terms of their quality?

Survey among several respondent of a selection of the previous used cases
Outcome: Cross-configuration Strength and weakness in terms of quality overview.

As shown in Figure 2-1 at the beginning of this chapter, this phase uses surveys, document analysis, and
semi-structured interviews, to come to the configuration of the PII cases, and through configurational

analysis find empirically derived prevailing configurations of PII design choice.

2.5.1 PREVAILING CONFIGURATIONS

To identify prevailing configurations, we require sufficient data to reveal common patterns across the cases.
For this study, a purposive case selection was used to gain in-depth insight into the design clusters in PIL
We selected multiple cases to allow a deeper understanding of the various configurations of information
infrastructures. Table 4 presents the criteria for case selection. We identified multiple cases and subsequently
made a selection based on predefined criteria. If, after an interview, sutvey, or document analysis, a case
appeared not to meet these criteria, it was excluded from the study. Additionally, we focused on identifying
Plls that were sufficiently similar according to the criteria presented in Table 4, while still differing
sufficiently in their technical components, stakeholders, and data objectives to allow meaningful
comparison. The selected cases are presented in Chapter 3.2, and a more in-depth desctiption is provided
in Appendix B. Using twenty-two cases contributes to comparability and contextual richness, allowing for

hierarchical clustering and cross-case analysis.
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Table 4. Case selection criteria for the multiple-case study

#  Criteria Definition
1 X2G context The case involves data sharing with a public organisation or an entity performing a public function.
2 Multiple The presence of multiple stakeholders, ensuring a diversity of interactions in the IT

stakeholders

3 Available expert  The availability of at least one domain expert with strategic insight into the PII;
4 Country The case is situated within the Netherlands or setves a purpose directly relevant to the Dutch context.

5 Established PIT The PII is implemented and (to some extent) used in practice. It should be in the life cycle phase of
establish, expand, stagnation, transition, and drift. This means PII’s in the design phase are not taken

into account.

For each case, we selected at least one respondent to be interviewed and to complete the survey. The
selection criteria for respondents are similar to those used in phases one and two: a minimum of five years’
experience in the domain, a tactical or strategic role ensuring they have an overview of the PII, and
representation from semi-public organisations. Based on these criteria, we conducted interviews with
twenty-five respondents across twenty-two cases. In the cases of CBS, SBR-education, and Land Registry,
interviews were conducted with two respondents simultaneously, at their request. Interviewing two
respondents can generate richer data, as they can complement or challenge each other’s perspectives.
However, they may also influence each other’s answers, leading to more socially desirable responses. These
drawbacks were mitigated by ensuring both respondents had equal opportunities to speak. Additionally, the
interviews with respondents were conducted after the surveys, which limited the sensitivity of the questions.
All respondents completed the survey for their case. An overview of the respondents is presented in Table

5.
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Table 5. Respondent interviews and survey phase 3

Reference Casus Junction Type of organisation
number

3.1 Pension funds Strategic advisor Receiver

3.2 BRP issue reporting Business consultant Public intermediate

3.3 elnvoicing Atrchitect e-procurement Standards ~ Public intermediate

34 Bank supervision Innovation advisor Receiver

3.5 SBR-education Advisor technology Policy maker & receiver
3.6 SBR-education Advisor governance Policy maker & receiver
3.7 eCodex Program-manager Public intermediate

3.8 Edu-V Program-manager Supporting organisation
3.9 Import declaration Advisor innovation Receiver

3.10 WMO Coordinator infrastructure Policy maker

3.11 Child authority Enterprise architect Policymaker

3.12 Vaccination Enterprise architect Supporting organisation & intermediate
3.13 Land registry Board member Receiver

3.14 Land registry Architect Receiver

315 Kik-V Advisor Supporting organisation
3.16 National housing progress ~ Advisor data Representative receivers
3.17 Wage returns statistics Strategic manager Receiver

3.18 Wage returns statistics Account manager Receiver

3.19 Migration Business architect Receiver & policy maker
3.20 CareCodex Executive director Supporting organisation
3.21 OO0TS Architect Public intermediate

3.22 Single Window Governance advisor Receiver & policy maker
3.23 VUM Sr. Advisor Policy

3.24 WOCO Business consultant Public intermediate

3.25 Notification property value  Architect Public intermediate

To gain deeper insight into the cases before conducting an interview, we asked respondents to complete
a survey in advance and to provide additional documentation of their case. In the survey research, we will
ask participants how the information infrastructure is configured. The sutvey questions can be retrieved

online from the TU Delft repository under the DOI: 10.4121/50d£56a6-4d14-459d-a5fb-cb96£1bf0d45.

To analyse the configuration of a PII, we reviewed available online documents and those provided by
the respondents. As previously mentioned, we view an information infrastructure as consisting of data,
technical, and governance components. Therefore, we reviewed documentation covering these three
aspects. If there is a discrepancy between the sutvey data and the documented data, the interview offers an
opportunity to clarify the matter.

Based on the survey and document research, we can have a more in-depth discussion on the
configurations during the semi-structured interviews. The preparation shows where more insights were

needed, and the focus should be during the interviews. For the interviews, we use a semi-structured interview
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protocol. This protocol can be retrieved online from the TU Delft repository under the DOI:
10.4121/50df56a6-4d14-459d-a5fb-cb96£1bf0d45.

The analysis of the data starts with searching for patterns and insights in the configuration. The
documentation and interviews will be analysed using qualitative coding by multiple researchers to enhance
the trustworthiness and reliability of this research phase.

All interviews were audiotaped, transcribed, and sent to the respondents for validation. Three of the
twenty-five respondents have provided more details in response to the validation email.

The interview transcripts are analysed using Atlas.ti. For this third phase of the research, we applied a
deductive coding approach, guided by the three predefined overarching components of a PIL: Data,
technology, and governance. We included the predefined set of design variables and context variables from
phase two as codes in our codebook. Although our coding framework is primarily driven by prior research,
we intentionally left space for inductive insights. This allows us to identify other design choices that were
not captured by eatlier research. The final codebook can be retrieved online from the TU Delft repository
under the DOI: 10.4121/50df56a6-4d14-459d-a5fb-cb96£1bf0d45. By combining the survey data with the
interview findings, we constructed an overview of the design choices present in each case.

The presence of multiple configurations of the design choices across the 22 PII cases enables us to
cluster and identify patterns in these configurations and detect prevailing configuration types. Hierarchical
clustering was selected as the primary clustering method for this study. Alternative approaches, such as
centroid-based clustering, fuzzy set clustering, and latent class clustering, were also considered. However,
the absence of a clear outcome variable, the nature of the variables in the dataset, and the limited number
of cases made these approaches less suitable. The objective of this study is to explore patterns and
relationships among design variables across cases rather than to explain or predict a dependent variable.
Hierarchical clustering allows for a step-by-step examination of similarities between cases and offers a clear
visual representation of the clustering process through a dendrogram. It is particularly suitable for
exploratory research where the goal is to identify prevailing configurations among cases based on multiple
categorical or mixed variables (KKaufman & Rousseeuw, 2005).

A disadvantage of hierarchical clustering is that its results are influenced by the scale and number of
variables. Adding more variables can alter the clustering structure because each variable influences the
distance calculation. When there are too many variables, noise may overpower the true signals, making it
difficult to identify clear and meaningful clusters. Conversely, with too few variables, important patterns or
dimensions might be missed, causing relevant clusters to remain hidden. Therefore, we decided to identify
sub-configurations for each of the PII components separately. We start by identifying the sub-configurations
within the data, governance, and technical components. We cluster the data based on the design choices
made for these specific components. Data design choices are used to identify sub-configurations within data
components, technical design choices are used to find sub-configurations within technical components, and
governance design choices are utilised to determine the sub-configuration of governance components.

Using these sub-configurations, we created an overview of the case and compared the configurations that
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exist out of sub-configurations. Here, we compared the cases for recurring patterns of sub-configurations
that lead to the prevailing configurations.

For each of the sub-configurations, we performed a clustering analysis separately. This analysis provides
deeper insight into each of the components of a PII. We used hierarchical clustering in Python. The Python
code used can be retrieved online from the TU Delft repository under the DOI: 10.4121/50df5626-4d14-
459d-a5fb-cb96f1bf0d45.

To establish the sub-configurations, we use a hierarchical clustering method. Clustering techniques
often require an estimate of the number of clusters in advance, whereas hierarchical clustering is a more
flexible technique for clustering the data objects (Aggarwal, 2018). Moreover, in hierarchical clustering, the
data are not confined to one specific cluster that stands out from others but instead have a cumulative
structure. They can be arranged to range from a single cluster containing all cases to each cluster consisting
of a single case (Everitt et al., 2011). This type of clustering provides an overview of the hierarchical clusters
in a dendrogram, which illustrates the convergence or divergence of variables.

An important aspect of cluster analysis is deciding when a group of observations can be considered a
meaningful cluster. Clustering is essentially an exploratory method where the number of clusters is not
predetermined but arises from the data's undetlying structure. However, a thorough interpretation of the
results requires clear criteria for assessing the robustness and relevance of clusters.

Hierarchical clustering can be cither agglomerative or divisive. Agglomerative, or bottom-up, means
that clustering begins with a single point and merges points based on their (dis)similarities (Aggarwal, 2018;
Everitt et al., 2011; Kaufman & Rousseeuw, 2005). Divisive clustering, or top-down clustering, starts with
all data points in a single cluster and repeatedly splits them into smaller groups. Divisive clustering can be
used when prior knowledge of how to split the dataset is available, which is useful when lower-level details
are less important (Tan et al., 2006). In our research, we chose to cluster without any subjective judgment,
therefore opting for agglomerative clustering. Additionally, agglomerative methods are suitable for smaller
datasets. In these techniques, a dissimilarity matrix is used to represent the dissimilarities among data
observations. Depending on the clustering method, similar objects are clustered. This process repeats until
all variables are in a cluster (Aggarwal, 2018).

In Agglomerative clustering, single linkage and complete linkage are the most common techniques.
Many clustering methods require Euclidean-type variables. Euclidean variables are numerical variables that
can be represented as points in a geometric space (Kaufman & Rousseeuw, 2005). However, the variables
within this research are nominal. Variables can be binary (two states, often coded as 0 or 1) or have multiple
states (Kaufman & Rousseeuw, 2005). An example of this type of variable is the organisation of the technical
infrastructure. Here, we observe several states, including: (1) central system, (2) semi-central, (3) decentral,
(4) distributed, or (5) hybrid. Both single linkage and complete linkage are appropriate for this type of
nominal data. It is essential to select the correct measure for cluster analysis, as different measures of
(dis)similarity can produce distinct clusters (Everitt et al., 2011).

In single linkage, “#he similarity of two clusters is the similarity between their most similar (nearest neighbour) members.

This method intuitively gives more importance to the regions where clusters are closest, neglecting the overall structure of the
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cluster.” (Aggarwal, 2018, Chapter 4.3.1.1). However, in our analysis, we want to account for the overall
structure of the clusters and identify distinct cluster types. “Complete linkage (or furthest neighbour) is opposite to
single linkage, in the sense that distance between groups is now defined as that of the most distant pair of individuals.” (Everitt
et al,, 2011, p.62). In complete linkage, the distance between two clusters is defined as the greatest distance
between a pair of observations, one from each cluster. “This is equivalent to choosing the cluster pair whose merge
has the smallest diameter. As this method takes the cluster structure into consideration, it is nonlocal in behaviour and generally
obtains compact-shaped clusters.” (Aggarwal, 2018, Chapter 4.3.1.1). This method is more robust to noise and
outliers than, for example, single linkage. It typically results in compact, well-defined clusters (Kaufman &
Rousseeuw, 2005). Additionally, a method such as Ward would not be suitable because it assumes that the
underlying distance measure is a Euclidean metric (Everitt et al., 2011). Research shows that the complete
linkage method tends to create meaningful clusters (Shao, 2007). Therefore, the complete linkage method
was chosen as the clustering criterion. Complete linkage can be calculated as shown by (Scitovski et al.,

2021):

Dmax(A: B) = maxaeA,bEBd(a' b)

To create a dissimilarity (or distance) matrix, we need to have a dissimilarity coefficient. The
dissimilarities are non-negative numbers d(j, i). If two cases (i and j) are more similar, the number is relatively
low, whereas if they differ more, the number becomes larger. This is represented in the distance matrix. The
hierarchical cluster analysis was performed using the Jaccard distance for binary datasets. The Gowers
method was selected exclusively for Governance variables because it contains ordinal variables. In our cases,
we coded the variables asymmetrically. For asymmetric data, the following applies: “By comvention, we shall
always code the most important outcome (which is typically the rarest one) by 1, and the other by 0.” (Kaufman &
Rousseeuw, 2005, p.26 ). We code each outcome as the presence or absence of a specific characteristic.
Then we examined the cases to identify similarities in the presence of the variables.

The most well-known distance coefficient for asymmetric binary data is the Jaccard coefficient
(Kaufman & Rousseecuw, 2005). The dataset used consists of binary variables indicating the presence (1) or
absence (0) of specific characteristics pet observation. In such cases, the Jaccard distance is a suitable
measure because it is explicitly designed for binary data. The Jaccard distance focuses on features that are
actually present in at least one of the observations (Kaufman & Rousseeuw, 2005). Consequently, only
positive matches (the shared presence of relevant features) are used to indicate similarity. This is especially
valuable in contexts where the presence of a feature is informative (Kaufman & Rousseeuw, 2005).

In addition to using the Jaccard distance for binary data, this study also applied the Gower distance to
the governance variables dataset. The dataset contains both categorical and binary variables. The Gower
distance allows for distance calculations in datasets comprising different types of variables (Kaufman &
Rousseeuw, 2005). The application of Gower distance is critical in situations where reducing the dataset to

binary variables would result in a loss of vital information (Everitt et al., 2011). In the dataset in question,
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both nominal categories and binary indicators were present. The Gower distance enabled the inclusion of
all relevant variables simultaneously in the distance calculation in a methodologically sound manner, without
requiring unnatural data transformations.

From this analysis, we generated distance matrices and corresponding dendrograms, which are
presented in Chapters 6.1, 6.2, and 6.3. In the research, the final number of clusters was determined based
on a combination of dendrogram analysis, visual inspection of the cluster matrix, and qualitative assessment
of cluster relevance. This resulted in a clustering of substantially related groups, where observations within
a cluster are strongly similar to each other based on the variables used, while clearly distinguishable from
observations in other clusters. This approach enhances the validity of the clustering and facilitates a

meaningful interpretation within the context of PIL.

2.5.2 EXPLORING STRENGTHS AND WEAKNESSES

Within this study, in phase one: Definitions, we established a PII quality framework. However, it became
apparent that a more extensive study was necessary to examine the PII quality in detail. We opted for a more
straightforward approach to measure configuration quality, as we still aim to say something meaningful
about quality. Consequently, we identified the strengths and weaknesses of the PII in terms of data,
technical, and governance quality.

From each configuration, two cases were selected for further analysis. The primary respondents in these
cases were asked to share the survey with three colleagues in their field. These secondary patticipants were
invited to share their perspectives on the quality of the PII, specifically regarding strengths, weaknesses,
opportunities, and threats/risks. Respondents were asked to complete an online survey that included a
question assessing the case across three quality dimensions: data quality, technical quality, and governance
quality.

Of the thirty-six surveys sent out, we received twenty responses, thirteen of which were completed in
full. Table 6 provides an overview of the various respondents. No responses to the surveys were received

from the technical-driven configuration.
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Table 6. Respondents - Survey PII quality

# PII Confignration Public or private  Function Casus
organisation
4.1 Mixed collaboration Public Policy maker WMO
4.2 Mixed collaboration Private Providing organisation SBR-Education
4.3 Mixed collaboration Public Receiving organisation SBR-Education
4.4 Mixed collaboration Public Receiving organisation SBR-Education
4.5 Mixed collaboration Public Developer standards elnvoicing
4.6 Mixed collaboration Public Policy maker clnvoicing
4.7 EU-regulation Public Receiving organisation Banking supervision
4.8 EU-regulation Public Intermediary/service provider  Banking supetvision
4.9 Central data reuse Public Receiving organisation Wage returns statistics
4.10 Central data reuse Public Receiving organisation Pension funds
4.11 Public collaboration Public Developer standards Notification property value
4.12 Distributed Public Implementation support VUM
4.13 Distributed Public Project-lead VUM

Furthermore, the intetviews conducted during eatlier research phases also offered insights into strengths
and weaknesses. These findings were incorporated as input for this part of the study and systematically
coded during analysis. They are included in the development of potential quality characteristics for each
configuration. Specifically, for the technology-driven configuration, only items derived from interviews were

used to provide insights into its possible quality strengths and weaknesses.

2.6 RESEARCH PHASE 4: STEWARDSHIP

In the final research phase, of which the results are presented in Chapter 7, we elaborate on the empirically
derived classifications of PII stewardship and answer the following sub-research question:

What classification of public information infrastructure stewardship can be distilled from
the findings of this study?

Combining research step 1, the conceptual synthesis with data from research step 3 with secondary
data synthesis

Outcome: deepening of the concept PII stewardship with a PII stewardship classification.

This study adopted a qualitative, contemplative approach, merging a conceptual synthesis from research
phase one: Definitions, with a secondary data analysis of the cases used in research phase three: Configurations.
The aim was to deepen the theoretical understanding of PII stewardship by integrating insights from the
literature with empirical findings from this research to answer sub-research question six.

In phase one: Definitions, a conceptual analysis was conducted to clarify the concepts of PII and PII
stewardship, drawing on relevant theoretical sources. In research phase three: Configurations, we analyse
multiple cases to establish configurations of PII. Using these cases and their configurations, we can analyse
the stewardship roles associated with them. This secondary data enables us to enrich our conceptual analysis

of PII stewardship and to empirically derive with a classification of PII stewardship.
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2.7 CHAPTER CONCLUSION

This chapter describes the mixed-methods research approach used in this study, which combines
quantitative and qualitative methods. This enables examination of PII and PII stewardship from multiple
perspectives, therefore enhancing the depth, validity, and reliability of the results.

The research was carried out in four structured phases, each addressing one or more of the six sub-
research questions. In the first phase, Definitions, the concepts of PII, PII stewardship, and PII quality are
examined. The second phase, Design variables, involves conducting a systematic literature review to inform
the design choices for a PII. These choices are then validated through a multiple-case study involving three
cases, which used semi-structured interviews and document analysis. The third phase, Confignrations, focuses
on exploring the existing configurations and their strengths and weaknesses through a multiple-case study,
enhanced by document analysis, survey research, and semi-structured interviews. In the fourth phase,
Stewardship, we synthesise to systematically consolidate insights from the literature review, case studies,
document analysis, survey results, and semi-structured interviews. This provides an understanding of the
categories of PII stewardship in practice.

This phased approach enables the systematic development, testing, and refinement of insights as the
research progresses. By combining these methods and adopting an iterative research design, a strong and
comprehensive body of evidence has been built. The following chapters present the outcome of phase one,

Definitions, providing insight into PII, PII stewardship, and PII quality
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Chapter 3

THEORETICAL
BACKGROUND



In this chapter, we present the findings of the first research phase: Definitions. We begin by examining the
theoretical foundations for understanding the design and management of information infrastructures within
the context of data exchange with (semi-)public organisations. These theoretical foundations are supported
by empirical research, providing an overview of information infrastructures. Guided by two central sub-
research questions, we developed a conceptual framework based on both the literature and empirical
evidence.

Section 3.1 addresses sub-research question one: What is a public information infrastructure? We
focus on the different characteristics of an information infrastructure and on what constitutes PII,
specifically developed for data sharing with (semi-)public organisations. From the literature, we identified
five characteristics of an information infrastructure that can also be used to characterise a PII. For each of
these characteristics, we explore additional challenges for PII. Due to the increased complexity and
configurational dynamics described in the introduction, PII stewardship represents the authorities for
designing, maintaining, and adapting the PII configuration, and ensuring alignment and focus on quality
within a PII. We propose a PII quality framework in Chapter 3.3, as PII stewards should strive for in the
design of a PII. By proposing a tentative definition of PII stewardship, section 3.2 addresses sub-research
question three: How can public information infrastructure stewardship be defined?

Together, these sections aim to deepen our understanding of the different dimensions of public

information infrastructures and PII stewardship.

3.1 PUBLIC INFORMATION INFRASTRUCTURES

A public information infrastructure (PII) is an information infrastructure explicitly developed for sharing
information with the public sector.

Since limited research has been conducted on PII, we first examine the general characteristics of
information infrastructures. Information infrastructure refers to (digital) facilities and services necessary for
performing human activities and can be compared to ‘enabling resources in network form’ (Bowker et al.,
2010, p.2). Although they are part of everyday life, infrastructures often remain invisible or taken for granted.
While there is extensive research on information infrastructures within the field of information systems, the
definition of an information infrastructure remains a topic of ongoing discussion. An essential characteristic
of (public) information infrastructure is that it comprises multiple technical components (Hanseth &
Lyytinen, 2010). Multiple systems atre interconnected, and services such as data validation can be
implemented to enhance efficiency. Due to the connections between various systems, interoperability of
data through formats and adherence to standards are becoming increasingly important. However, they are
not metely technical systems. Because they connect multiple systems, they also serve as links between
various users. Therefore, the third characteristic of a PII is the involvement of multiple stakeholders. In
addition to the expected end users of the P11, the organisations involved in data sending and receiving, there

is a trend of intermediary organisations providing systems and services within the PII. The functionalities
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needed for the information infrastructure may already be developed by other organisations, reducing the
need to build from scratch (Janssen, Chun, & Gil-Garcia, 2009).

Due to the dynamics between technical systems and social interactions, an information infrastructure is
considered a socio-technical system. “Most infrastructures are in part engineered, after which they evolve.”(Janssen et
al.,, 2009, p.234). Therefore, a PII has to be researched and maintained as a whole, from both technical and
social perspectives. When looking at the development of (public) information infrastructure literature, it is
observed that an information infrastructure evolves through adaptation and reorganisation.

In the following subsections, we elaborate on the characteristics of a PIL: first, its technical
characteristics; then, its standards; its social characteristics; its socio-technical aspects; and, finally, its

development.

3.1.1 TECHNICAL SYSTEMS

The primary characteristic of a PII is that it comprises multiple technical components and systems. Although
the scope of the infrastructure may vary, it is widely recognised as a chain or network of interconnected
systems through which information is exchanged. Some view an information infrastructure as local
infrastructures (Shin et al., 2006), while others interpret information infrastructures as global and national
networks capable of adapting to different circumstances (Monteiro & Hanseth, 1996). Depending on its
scope, infrastructures are relational. An information infrastructure consists of interconnected I'T solutions.
While previously focused within a single organisation, over time, information infrastructures have evolved
into networks involving multiple actors, both public and private. “As he number of IT devices increases, they
spread across more and more application fields (professional as well as private; wireless technologies keep them constantly
connected to each other.” (Pipek et al., 2009, p.448).

Information cannot be exchanged digitally without a technical structure. In the technological
components, we distinguish the network of services. “From a technical viewpoint, designing an information
infrastructure involves discovery, implementation, integration, control, and coordination of increasingly heterogeneons IT
capabilities” (Hanseth & Lyytinen, 2010, p.2). Examples of these processes include data preparation, data
standardisation (syntax and semantics), data storage, data quality assurance, validation, identification,
authentication, authorisation, reconciliation, routing, archiving, and delivery (Bharosa et al., 2018). Both
public and private organisations can offer these components as services to assist other entities, thus
establishing themselves as intermediaries within the information infrastructure. Information can be
exchanged through various interfaces, including services such as portals, software, email, and system-to-
system connections. Especially with multiple actors and systems, information can take different forms
throughout the entire information infrastructure.

The literature, based on Cordella (2010) and Hanseth and Monteiro (1998), assumes openness of the
information infrastructure. This definition of openness implies there are no boundaries to the information
infrastructure, and actors can enter and leave an information infrastructure without obstructing borders.

This form of participation-type openness, in which participants, such as third parties or end users, can enter
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and leave the system, is added to other definitions of openness in research by Ofe and de Reuver (2024).
This research shows that openness can also imply editability, interactivity, and distributedness of data (Ofe
& de Reuver, 2024). It is important to note that openness is not a default setting in PIL. In many cases, we
observe that, during data exchange, the editability and interactivity of the data are kept low. For example, in
the case of the VAT declaration process, data cannot be altered, is not distributed except to the Tax
Administration, and the Tax Administration office performs data format transformations in its secure
environment rather than in the information-sharing infrastructure. In a PII, public organisations are often
authorities that significantly shape and influence the information infrastructure. Frequently, the public sector
determines which standards are used, what the requirements for data supply are, and which actors can and

must be involved.

3.1.2 STANDARDS AND FORMATS

The second characteristic is the use of structured data formats and adherence to (technical) standards.
“Information infrastructure and information infrastructure development may, to a large extent, be described as specification and
implementation of standards.’ (Hanseth & Monteiro, 1998, p.49). Undetlying the services provided in an
information infrastructure is a network of systems and hardware that enable data exchange. Henningsson
et al. (2011) stated: “Technically, the construction of an infrastructural system requires the establishment of protocols and
standards that enable the system to be used and seamlessly connect with other systems.” (p.18). To have usable information
infrastructures, interoperable standards, definitions, and interfaces are necessaty (Tilson et al., 2010).

With multiple systems, interoperability is key. “II are larger and more complex: systems, involving large numbers
of independent actors as developers as well as users. This fact makes standards a crucial part of information infrastructure.”
(Hanseth & Monteiro, 1998, p.49). To communicate with other parties and understand the data sent, it is
essential to standardise interfaces and data formats. The choice of format is often determined by the users
of that format (Van de Kaa et al., 2011). In some cases, this is the end user of the information infrastructure.
When the end user is not involved in the technique, the designers of intermediary systems take part in using
formats. Each user of the format tends to invest in it, making it the most common and widely used format,
which ensures interoperability with other systems (Van de Kaa et al., 2011).

It is therefore a dynamic interaction between the developers of the standard and its users within an
information infrastructure. Setting a standard requires actors in the information infrastructure to engage and
negotiate to reach agreements on these technical components. As the number of parties involved in the
exchange process increases, a proliferation of systems and formats is likely, making it more difficult for
organisations to exchange information. The article by Van de Kaa et al. (2011) illustrates the factors that
influence the outcome of interface format battles and the process of natural selection leading to the survival
of certain standards. With new standards emerging and disappearing, the field remains continuously
changing. For public organisations, these uncertainties pose significant challenges, as governments are often
less flexible in altering their systems, and such changes demand substantial resources. It is difficult to keep

up with technological advances, as P11 is often inflexible and large-scale. As technology progresses, methods
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of exchanging information evolve, and once an information infrastructure component is implemented,
further development may follow. Governmental organisations must find strategies to manage these
uncertainties. The most effective organisations do not rely on a fixed infrastructure but adapt to changes in
their environment (Lewin, 1999).

In an ideal scenario, each government organisation adopts standardised methods for exchanging
information, enabling seamless transfer without human intervention and reducing errors. The network
externalities, in terms of the benefits of a technology, grow as its usage increases (Van de Kaa et al., 2011).
This can only occur if more governmental and private organisations utilise the same technology. However,
each government organisation may organise its own systems, services, and standards. Consequently, a variety
of standards and specifications exist for supplying organisations, adding to compliance burdens.
Standardising existing information flows presents significant challenges, as governmental organisations
often have specific requirements. To reduce these uncertainties, the government might opt for a single
government-designed protocol or specific PII protocols. Ultimately, agteements may be mandated by

regulation or collectively agreed upon, depending on the social structure in the information infrastructure.

3.1.3 SOCIAL CHARACTERISTICS

The third characteristic is the involvement of multiple stakeholders in an information infrastructure. The
construction of an information infrastructure requires “organising and connecting heterogeneons actors with diverging
interests in ways that allow for information infrastructure growth and evolution”” (Hanseth & Lyytinen, 2010, p.2).
According to Cordella (2010), infrastructures are phenomena in action. The outcome of the information
infrastructure depends on the relationships between the stakeholders. The decision rights within an II are
often distributed among the stakeholders participating in the PII, who jointly shape its development. It is a
constant interplay between the technology and the actors in the information infrastructure.

Shaping an information infrastructure involves integrating these social and technical dimensions and
improving both the technical and social aspects (Cherns, 19706). Individual, organisational, and inter-
organisational behaviours are embedded in the technical components of the information infrastructure.
Bostrom and Heinen (Bostrom & Heinen, 1977) demonstrated that design changes occur at both the social
and technical levels of the information infrastructure. The technical components are shaped through
complex social processes. Therefore, the objectives of organisations are not metely to optimise the technical
system and align a social system with it, as the technical system often results from social interactions among
stakeholders. It requires stakeholders in the information infrastructure to interact and negotiate to establish
agreements and standards.

The growing number of stakeholders, and therefore the possible further distribution of decision rights,
places greater emphasis on the social components of the information infrastructure. Social structures, roles,
and rights are a large part of an information infrastructure. “Social factors affect the development, adoption, change,
operations, and stability of information infrastructure” (Klievink & Janssen, 2014, p.241). As the number of

stakeholders increases, the social components are subject to change. Infrastructures are becoming more
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fluid. There is a growing trend towards greater openness regarding PII. Public and private service providers
provide services in the PII on behalf of sending or receiving organisations. However, it becomes more
challenging to develop infrastructure when it extends beyond organisational boundaries. “Managing
infrastructures transcends the boundaries of centralised, hierarchical control of individual resources” (Janssen et al., 2009,
p.234). The technical infrastructure depends on stakeholders' interactions, negotiations, and decision-
making processes. Multiple stakeholders have decision-making rights or seek to influence the infrastructure
to suit their needs and goals. The social component involves constant interactions and negotiations between
all levels of stakeholders in the infrastructure (Tilson et al., 2010). With more stakeholders, the infrastructutre
is exposed to a broader range of values, goals, and perceptions of quality. This creates challenges in decision-
making.

The number of stakeholders increases in PII when private parties can provide components of the
information infrastructure. This may lead to a further distribution of decision-making rights, in which public
actors no longer exert direct influence over the choice. The growing number of stakeholders necessitates
the formation of new coalitions of partners (Fang, 2002). PII infrastructures involve a vatiety of
heterogeneous stakeholders. These include information providers, information recipients, intermediaries,
service providers, policymakers, and regulators.

As the number of parties increases, the system's complexity also rises. Governments rely on the support
of other actors to ensure the success of decisions (de Bruijn & ten Heuvelhof, 2008). Due to high
stakeholder complexity in public-private collaboration, the role of the social component becomes even more
significant than in ‘ordinary’ information infrastructures (Klievink & Janssen, 2014).

The actors involved in the PII will attempt to influence decision-making to pursue their own goals and
visions. We define actors as representatives of (patts of) an otganisation involved in or a stakeholder of the
data exchange process. We explicitly specify parts of an organisation, as different sections may be involved
in the PII for various reasons, each with its own goals and values. Actors primarily collaborate to serve their
own interests (Selsky & Parker, 2005). This is why public-private partnerships need to balance the values
and objectives of both businesses and public organisations (Linder, 1999). These goals and visions do not
always align with public values or the values of government organisations. The public domain is already
characterised by conflicting values, such as dilemmas between efficiency and equity (Le Grand, 1990) and
efficiency and democratic legitimacy (Weihe, 2008). In information exchange processes, many values must
be protected by governments.

Governmental values may include transparency, legitimacy, a level playing field, and quality in public
service delivery. The Dutch Government's data agenda (2020) states that in the Netherlands, the
government is responsible for ensuring transparency in its participation, strengthening democracy, and
promoting accountability to its citizens. Dutch law imposes strict requirements on information
management, including the protection of personal data and the maintenance of system and process integrity.
In recent years, there have been increasing demands for public, transparent, and traceable decision-making.

The complexity of sharing information increases as laws and regulations governing information

collection, use, and sharing become more stringent. For example, the General Data Protection Regulation
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(GDPR) or in Dutch, AVG, requires data processing to use only the data necessary to accomplish a specific
task (data minimisation principle) (European Parliament & Council of the European Union, 2016).
Moreover, information gathered for one purpose cannot be repurposed without explicit consent (purpose
limitation). At the same time, the government must adopt new technologies to create more efficient systems.
Some of these values conflict. The technological complexity grows as systems become increasingly opaque
to many users, making accountability and transparency more challenging. It will also be harder to regulate
external organisations that aim to uphold the government's values.

The social components within the PIT become more complex to manage as processes, rules, agreements,
and human resources ate shared or distributed among different stakeholders. These components and the
decision-making processes related to them are subject to negotiation and interaction. This will make it more

difficult for governments to shape PII to suit their preferences.

3.1.4 SOCIO-TECHNICAL SYSTEMS

The fourth characteristic of an information infrastructure is that it is a socio-technical system. Socio-
technical systems cannot be maintained or developed solely by focusing on either the social or the technical
components. Human interaction critically influences the technical design (Ottens et al., 2006), and the
technical design, in turn, shapes social interactions within the system. A socio-technical system must be
researched and maintained as an integrated whole.

An information infrastructure is a combination of, on the one hand, technical components such as
hardware, software, and networks, and, on the other hand, a social component involving stakeholders who
provide these technologies and the relationships among them (Cordella, 2010; Braa et al., 2007). The only
way to achieve information exchange is by combining these two components (Bostrom & Heinen, 1977).

The interdependence between single information systems is expanding, making it impossible to observe
them as distinct from Information infrastructures (Hanseth, 2010). “II are larger and more complex: systems,
involving large numbers of independent actors as developers as well as nsers”” (Hanseth & Monteiro, 1998, p.49). The
information infrastructure is not functional without stakeholder interaction in its operation and use. As a
result, the dependency on another organisation increases. As Janssen et al. noticed: “Many public organisations
dgnore the fact that they are dependent on others in their development projects and that needed functionalities might already have
been developed by other organisations.” (Janssen et al., 2009, p.234). Since multiple parties provide components of
the information infrastructure, the dependency on other organisations increases. If one service provider
fails, the whole infrastructure might fail (although this depends on the design).

What is unique about collaborations in PII is the potential for horizontal relationships. Research
indicates that new digital government infrastructures often lack a central authority (Janssen et al., 2009). All
organisations are interconnected, forming an information exchange chain that creates high
interdependencies within a PII. Private organisations rely on governments for requesting and sharing
information services through market creation, providing resources, and establishing laws and legislation. In

turn, governments depend on private organisations to deliver services within the PII. Having private
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organisations provide services can accelerate technological progress in components, reduce the risk of
development failure, and require fewer resources. However, it may also reduce government control over the
infrastructure. When the information infrastructure is decentralised and no longer controlled by
information-requesting governments, those governments rely on other organisations to meet their needs.
The dependence on external organisations for high-quality information and distributed infrastructure
components is growing. This could lead to a 'black box' scenario, where governments utilise infrastructure
components for information exchange without knowing the actual content of those components.

For public organisations, governing the use of PII is becoming increasingly complex. The black boxes
may require stricter control over compliance with regulations and requirements. Not all decisions are made
centrally within a single governmental organisation; therefore, governments have limited influence over the
components within the information infrastructure. Hidden complexities can lead to failure, as components
become interdependent. Governmental organisations need to determine their configurations, which consist
of a mix of components. Creating and managing an infrastructure that delivers public value while motivating
private parties to contribute and maintain continuity is a complex task for governmental organisations. This
involves managing multiple systems and stakeholders. However, knowledge on how to achieve this remains

scarce.

3.1.5 EVOLVING INFORMATION INFRASTRUCTURES

The fifth characteristic is that an information infrastructure is not static but constantly evolves in response
to the decisions made by the actors involved. An information infrastructure has an emergent nature and is
continuously developing (Cordella, 2010). “Information infrastructures grow and develop over a long period of time, new
parts are added to what exists, and existing parts are replaced by improved ones” (Hanseth & Monteiro, 1998, p. 49).
Infrastructures are constantly evolving and require adjustments from those designing them. For example,
when new components become available, this often results in more or new types of information, requiring
more resources to process and manage (Bowker et al., 2010).

We established that, to some extent, the public information infrastructure is becoming more open. An
open information infrastructure, according to Hanseth & Monteiro (1996), “is built through extensions and
improvements of what exists- never from scratch. 1t is open in the sense that any project, independent of how big it is, will just
cover a part of an information infrastructure. The rest exists already and will be developed by others, being out of reach for the
project and its control.” (p.49). This is due to legacy, as “Legacy systems tend to have long lifespans, as they often are too
expensive or critical to replace” (Matthiesen & Bjorn, 2015, p.876). Legacy is a major issue in government systems,
as past choices influence future decision-making possibilities. The study by Matthiesen and Bjorn (2015)
demonstrates that the legacy of government information infrastructure is often embedded within other
frameworks, including laws, legislation, policies, and interconnected IT systems. Even when an organisation
chooses to discontinue all systems, every subsequent decision leaves a legacy for the future.

However, in the context of a publicly governed and designed information infrastructure, the degree of

openness of a PII depends on the choices made by the authorities involved, who are often policymakers or
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receiving organisations. They can diverge from legacy systems and develop new information infrastructures.
Yet there is a tendency, although it remains a choice, to reuse existing standards and parts of existing
information infrastructure. Particularly on the information-providing side of data exchange, existing
technology and systems are reused. Furthermore, there is a trend towards increased openness of information
infrastructure in the public sector, where multiple authorities are involved in the design, maintenance, and
ad